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In this study, we use a hazard-based modeling as an alternative statistical framework to
time series methods as applied to climate data. Data collected from the Kentucky Mesonet
will be used to study the distributional properties of the duration of high and low-energy
wind events relative to an arbitrary threshold. Our objectives were to fit bathtub models pro-
posed in literature, propose a generalized bathtub model, apply these models to Kentucky
Mesonet data, and make recommendations as to feasibility of wind power generation. Us-
ing two different thresholds (1.8 and 10 mph respectively), results show that the Hjorth
bathtub mlodel consistently performed better than all other models considered with coef-
ficient of R-squared values at 0.95 or higher. However, fewer sites and months could be
included in the analysis when we increased our threshold to 10 mph. Based on a 10 mph
threshold, Bowling Green (FARM), Hopkinsville (PGHL), and Columbia (CMBA) posted
the top 3 wind duration times in February of 2009. Further studies needed to establish
long-term trends.
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CHAPTER 1
INTRODUCTION
Many applications of survival analysis and recurrent event modeling are found in engi-
neering and biomedicine where the events of interest are usually machine failures, deaths,
hospitalizations, chronic illness and disease. Specifically, recurrent event modeling is ap-
plied to the time between events where the events of interest are recurring machine failures
or sickness which do not immediately cause total failure or death. In this study, we use
the recent event modeling as an alternative framework to time series methods as applied to
climate data.
This study is one of the results of our collaborative research with the Kentucky Climate
Center at Western Kentucky University (WKU). One of their research interests is to find
sites and times in a year where wind velocity is not only strong enough, but also the duration
is long enough for wind power generation to be feasible. In this problem, they were looking
at a wind velocity threshold, say 10 mph, and then using the data collected by their mesonet
sites to study the distributional properties of the duration of the high wind events. These
are the type of research questions for which survival analysis and recurrent event modeling
may be able to provide answers.
Kentucky Mesonet has given us access to wind data for many of the counties in the
state. Kentucky Mesonet is a network of weather and climate monitoring stations in vari-
ous counties in Kentucky. The data from these units is gathered every 5 minutes and logged
as time-series data in the online database. We consider an arbitrary threshold level since
this is dependent on the current state of wind generation technology, based on this arbitrary
threshold, we transform the time series climate data into recurrent event data comprised of
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high-energy and low-energy wind durations. In this manuscript, we will focus on paramet-
ric recurrent event models applicable to the transformed data as well as answer the research
questions posed by the Kentucky Mesonet.
1.1 Objectives
The main objectives of this research are to develop a parametric alternating recurrent
event model applicable to the transformed recurrent event data and to provide recommen-
dations as to sites and seasons where wind power generation may be feasible in Kentucky.
The specific aims are as follows:
1.1.1 Propose parametric models available
Based on our preliminary findings, we will be fit various bathtub hazard models that
are proposed in literature. We will search for a general class of bathtub models that provide
the best and most consistent performance over sites and seasons.
1.1.2 Present estimation methods
Many methods were used to estimate our parameters, but not all were feasible. Step-by-
step instructions on each method will be presented along with how they each performed.
The best method will then be used throughout the rest of the research in order to produce
the best results.
1.1.3 Apply to KY Mesonet data
Applications for our methods, along with the parametric models, will be shown. Here
we will analyze various cases such as location and time duration. Based on a threshold of
10 mph, we will provide the distributional properties of the high and low wind durations
and our recommendations.
2
CHAPTER 2
METHODS
In this chapter, we introduce the mathematical framework used in this study.
2.1 Concepts and notation
Let T be the high-energy or the low-energy gap time in consideration. Our observed
data will be a collection of gap times defined as
T = {T1, T2, ..., Tn}, (2.1)
where T is a vector of gap times, Ti is the ith gap time, and n is the total number of gap
times in a fixed monetary window. In our model, we assume T is to be independent coming
from a common distribution f(t). For notation brevity, we will drop the subscript i and let
T be an gap time in our collection, T. Let λ(t) be the hazard rate (also known as the
instantaneous failure rate) defined as
λ(t) = lim
△t→0
P [T (t, t+△t)|T ≥ t]
△t
. (2.2)
Let F (t) = P (T ≤ t) be the cumulative distribution function and let F¯ (t) = P (T > t) be
the survival function. If f(t) is a continuous probability function, then the hazard function
can be expressed as
λ(t) =
f(t)
F¯ (t)
. (2.3)
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This relationship allows us to obtain the hazard function given the density function or vice
versa. In the context of dynamic models in survival analysis and recurrent events, density
functions are obtained by first specifying the hazard functions. The advantage of doing so
is that hazard functions provide the flexibility of defining dynamic models. From λ(t), we
get f(t) by expressing f(t) as f(t) = − d
dt
F¯ (t). We then rewrite (2.3) as
λ(t) =
− d
dt
F¯ (t)
F¯ (t)
= −
d
dt
log(F¯ (t)). (2.4)
where log is the natural logarithm. Let Λ(t) =
t∫
0
λ(s)ds be the cumulative hazard. From
(2.4), Λ(t) = − log (F¯ (t)), so F¯ (t) = exp(−Λ(t)). Finally, we obtain the probability
density function
f(t) = λ(t) exp (−Λ(t)) , (2.5)
which is now in terms of hazard and cumulative hazard functions.
2.2 The Nelson-Aalen cumulative hazard estimator
In reality, we do not know the exact form of λ(t), so we look to generating a Nelson-
Aalen nonparametric cumulative hazard estimator
Λˆ(t) =
t∫
0
dN(s)
Y (s)
, (2.6)
where dN(s) = N(s) − N(s−) such that N(s) counts the number of events up to time
s. In our setting we assume dN(s) be discrete random process. Furthermore, Y (s) =
n∑
i=1
I(Ti ≥ s) is the number of gap-times of at least time s which is referred to as the
at-risk function. Equation 2.4 is known as the Nelson-Aalen estimator [2] for a single
event setting and was later generalized in the recurrent event setting by [6]. We apply this
estimator to our data to obtain a nonparametric cumulative hazard curve. The goal now is
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to find a smooth cumulative hazard function that best fits this nonparametric curve. Once
we find our function, say Λ∗(t), then the first derivative of that function λ∗(t) becomes our
parametric hazard function.
2.3 Reliability models
Hazard functions in the reliability setting are generally categorized into three classes:
increasing failure rate (IFR), decreasing failure rate (DFR), and constant failure rate (CFR).
These models are typically used for lifetime distributions but are also used for other situ-
ations. For lifetime distributions with an increasing failure rate, we expect the likelihood
of a failure to increase over time. An elderly person typically has this type of failure rate
simply because as that person ages, he/she has a higher risk of dying (failing). In the relia-
bility setting, IFR is known as “end of life wear-out.” This is because, after a certain point,
machines have a higher risk of breaking down or wearing out as they age. An example
of an increasing failure rate is shown in Figure 2.1 where capacitor failure rates observed
increase over time and vary with voltage stress levels [5].
Figure 2.1: Trimmer ceramic capacitor failure rates/stress plot from MIL-HDBK-217.
The decreasing failure rate, or DFR, is much more "paradoxical" when trying to com-
prehend how a system can possibly improve over time. This is commonly termed as "pos-
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itive aging." A DFR can be thought of as certain components that withstand early stages
while the likelihood of failing decreases. A basic physical example of this may be the time
to a failure for a newly laid cement driveway. When the cement is first laid, it is soft and not
durable at all, but over time it gains toughness and has a decreasing likelihood of failing.
Graphically, a DFR model has a decreasing hazard over time. Another example is in Figure
2.2 which is a decreasing failure rate model based on the Weibull distribution. This is used
to find the burn-in time corresponding to a specified failure rate goal [9].
Figure 2.2: Failure rate plot for Weibull distribution with decreasing failure rate.
In addition, an interesting result by Proschan states that the distribution of the mixture of
exponentially distributed failure times posses a decreasing failure rate [7].
A constant failure rate, or CFR, can be described as having the same likelihood of fail-
ing over time. This can also be viewed as times between homogenous Poisson arrivals. A
CFR is also used as an approximation to some machines that have a nearly CFR. It can
be shown that time between Poisson processes arrivals follow an exponential distribution
with parameter equal to the constant hazard rate. Figure 2.3 illustrates an actual cumula-
6
tive number of failures over time for some production plant [1]. Since the slope is fairly
constant, we can claim that is has constant failure rate.
Figure 2.3: Occurrence total cumulative.
Finally, the bathtub model is a combination of all three reliability models. It has been
used for monitoring burn-in techniques for machinery and electronics or for testing soft-
ware and hardware reliability. In the human life experience, for example, we expect high
mortality rates at birth to early childhood and so for the elderly stages (2.4).
Figure 2.4: A hypothetical bathtub curve showing stages in the life of a component [13].
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2.4 Bathtub models in literature
Parametric bathtub hazard models proposed in reliability studies are based on mixtures
of the three hazard models discussed earlier. In this section we will describe five bathtub
models:
1. Hjorth Distribution (competing risk model involving two sub-populations);
2. Xie and Lai’s Distribution (Reliability Engineering and System Safety);
3. Lai, Xie and Murthy Distribution (model monotone as well as non-monotone failure
rates, which are quite common in lifetime problems and reliability);
4. Schabe’s Distribution;
5. Slymen and Lachenbruch’s Distribution.
2.4.1 Hjorth
Urban Hjorth discovered his distribution from both the lack of “physical” motivation
of different bathtub models and the problem that having more than two parameters caused
in estimation and optimization [3]. Hjorth was able to derive his model from failure rates
of various types in which he started with a mixture of mechanical units. His distribution
was labeled as IDB which stands for Increasing, Decreasing, constant and Bathtub-shaped
failure rates. His mixture function is
λ(t) = at +
c
1 + bt
, (2.7)
where the first component accounts for the increasing failure rate and the second component
accounts for the decreasing failure rate. The decreasing failure rate generally dominates for
shorter t where the increasing failure rate dominates for larger t; here the bathtub shape is
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for a > 0, b > 0, and c > 0. From the relationship between λ(t) and f(t) it can be shown
that
f(t) =
[(1 + bt)at + c] exp
(
−at2
2
)
(1 + bt)
c
b
+1
, (2.8)
and
F (t) = 1−
exp(−at
2
2
)
(1 + bt)
c
b
. (2.9)
The cumulative hazard is of the form
Λ(t) =
at2
2
+
c
b
log(1 + bt). (2.10)
For some values of a, b, and c, Hjorth’s model is equivalent to the following models:
• c = 0, the Rayleigh Distribution;
• a = b = 0, the exponential distribution (CFR);
• a = 0, decreasing failure rate;
• a ≥ cb, increasing failure rate;
• 0 < a < cb, bathtub curve as stated above.
2.4.2 Xie and Lai
Xie and Lai proposed their model in hopes of adding practicality to reliability engineers
when it comes to bathtub failure rates. The idea is based on mixing Weibull distributions
[12]. They proposed the following hazard function,
λ(t) = ab(at)b−1 + cd(ct)d−1, (2.11)
for t > 0, a > 0, c > 0, b > 1, and 0 < d < 1. The first component accounts for an
increasing Weibull failure rate while the second component accounts for the decreasing
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failure rate. We then obtain the cumulative density functions as
F (t) = 1− exp(−(at)b − (ct)d). (2.12)
2.4.3 Lai, Xie and Murthy
Xie and Lai developed a new modified Weibull distribution which is a larger class of
bathtub models as compared to their original model in 2.11 [4]. This distribution was
proven useful for model specification through Weibull probability paper plots. The hazard
function was obtained from taking the appropriate limits of the Beta integrated model with
the following cumulative hazard and survivor functions :
Λ(t) = atb(1− dt)c, 0 < t < 1/d; (2.13)
F¯ (t) = exp (−Λ(t)), a, b, d > 0 and c < 0. (2.14)
If d = 1/n, c = λ n, then for n→∞ we have
(
1−
t
n
)−λn
→ expλt, (2.15)
which now gives
Λ(t) = atb exp(ct). (2.16)
Consequently we have the hazard function as
λ(t) = a(b+ ct)tb−1 exp(ct). (2.17)
This model is a multiplicative model in that it is the product of an increasing failure rate
a(b+ ct) exp (ct) for a, b, c > 0 and a decreasing failure rate tb−1 for 0 < b < 1. From the
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hazard function we obtain the probability density function (pdf) as
f(t) = a(b+ ct)tb−1 exp(ct) exp(−atb exp(ct)); (2.18)
and the cumulative density function as
F (t) = 1− exp(−atb exp(ct)). (2.19)
2.4.4 Schabe
Hendrick Schabe based his bathtub failure rate distribution on a truncation of a distri-
bution with a decreasing failure rate. His goal was to develop a lifetime distribution with
a bathtub failure rate that was simplistic enough to have practical use [10]. His model was
developed on the assumption that there is a finite upper limit for the lifetime , say θ, and
the lifetime distribution follows a bathtub hazard function between 0 to θ. He determined
the conditional cumulative density function G(t|θ) = P (T < t|T ≤ θ) = F (t)
F (θ)
, where
F (t) is a Pareto distribution defined by
F (t) =
1
(1 + t
T
)α
, t ≥ 0. (2.20)
If a = 1, we get
G(t) =
t(T + b)
b(T + t)
=
t(1 + a)
(ab+ t)
, for t ≤ b, (2.21)
where a = T
b
. The conditional pdf becomes
g(t) =
2a+ (1− a) t
b
b(a+ t
b
)2
, (2.22)
which leads to the hazard function
λ(t) =
1
b(a+ t
b
)
+
1
b(1− t
b
)
. (2.23)
11
We can see that if t = b the hazard becomes ∞, which was designed to immediately fail.
Thus, we have t ≤ b. Also, the IFR part of the hazard function comes from 1
b(1− t
b
)
, and the
DFR from 1
b(a+ t
b
)
. It was shown by Schabe that λ(t) is bathtub-shaped if a < 1, along with
the minimum of λ(t) at t0 = ( b2)(1− a), and λ(t) →∞ as t→ ∞ [10]. Finally, from the
hazard function, we obtain the cumulative hazard as
Λ(t) = − log
(
1−
(1 + a)t
ab+ t
)
. (2.24)
2.4.5 Slymen and Lachenbruch
Slymen and Lachenbruch proposed a modified Weibull distribution with the intention
of helping data analysts in the filed of survivorship studies[11] . The modified distribution
has cdf
F (t) = 1− exp
[
− exp
(
a+
b(tc − t−c)
2t
)]
(2.25)
for t > 0. The failure rate function, λ(t), can be expressed as
λ(t) =
b
2
(tc−1 + t−c−1) exp
[
a+
b(tk − t−t)
2t
]
. (2.26)
It was shown that if 2[(c + 1)t−c−2 − (c − 1)tc−2](tc−1 − t−c−1)−2 is a bounded function,
then λ(t) has a bathtub shape.
2.5 Methods for estimating the bathtub hazard parameters
In this section we discuss the merits of the methods that can be used to estimate our
bathtub hazard parameters.
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2.5.1 Maximum Likelihood Estimation
Maximum likelihood estimation (MLE) is a method of finding an estimator that maxi-
mizes the likelihood function. In the classical statistical setting, we start by assuming that
our random vector T = {T1, T2, · · · , Tn} be i.i.d with a common pdf f(t|θ), θ ∈ Θ ⊆ Rp,
where θ is a p-dimensional vector of parameters. We construct the likelihood function as
L(θ|t) =
n∏
i=1
f(ti|θ) (2.27)
and find the MLE, θˆ as the solution to
θˆ ≡ argmax
θ∈Θ
L(θ|t). (2.28)
In our setting, we have the vector T = /T1, T2, ..., Tn, T ∗n+1/ where T1, ..., Tn are observed
gap times and T ∗n+1 is a potentially right censored gap time. Assuming that Ti are from a
distribution with a bathtub hazard λ(t|θ) and T ∗n+1 is a right censored gap time, then we
construct our likelihood function as
L(θ|T) =
n∏
i=1
λ(ti|θ) exp /−
n+1∑
j=1
tj∫
0
λ(s|t)ds/. (2.29)
Assuming that the natural logarithm of the hazard function is defined, a computationally
easier route is to take the natural logarithm of (2.29) which is given by
ℓ(θ|T) =
n∑
i=1
log λ(ti|θ)−
n+1∑
j=1
Λ(tj|θ). (2.30)
We then use our minimization methods by directly taking the solution of the gradient
U(θ|t) = ∇θℓ(θ|T) =
n∑
i=1
∇θλ(Tj |θ)
λ(Tj|θ)
−
n+1∑
j=1
Tj∫
0
∇θλ(s|θ)ds, (2.31)
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where ∇ is the gradient operator, and U(θ|t) is a p-dimensional vector. In Hjorth’s model,
for example, let θ = (a, c, b). Then the gradient ∇θλ(s|θ) is of the form
∇θλ(s|θ) =

s
1
1+βs
− s
(1+βs)2

. (2.32)
Since we are solving simultaneously for three nonlinear equations, we will resort to nu-
merical methods, using the Newton-Raphson method for the MLE. This method requires
the score vector U(θ|T) = ∇θℓ(θ|T) defined earlier and the information matrix I(θ|T),
which is the negative Hessian matrix; that is
I(θ|T) = −∇θθtℓ(θ|T)
= −∇θtU(θ|T)
=
n+1∑
j=1
Tj∫
0
∇θθtλ(s|θ)ds−
n∑
i=1
∇θθtλ(tj |θ)− [∇θλ(tj |θ)]
⊗2
λ(Tj|θ)2
where a⊗2 = aat for some vector a and ∇θθtλ(s|θ) is a square matrix of second order
partial derivatives with respect to λ(s|θ). In the Hjorth model, for instance, ∇θθtλ(s|θ)
becomes
∇θθtλ(s|θ) =

0 0 0
0 0 − 1
(1+βs)
0 0 2s
2
(1+βs)3

, (2.33)
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and the Kronecker product component is
∇θλ(s|θ)
⊗2 =

s2 s
(1+βs)
− s
2
(1+βs)2
s
(1+βs)
1
(1+βs)2
− s
(1+βs)3
− s
2
(1+βs)2
− s
(1+βs)3
s2
(1+βs)

. (2.34)
Let θ∗ be the initial values for our parameters. Then we update these values using the
Newton-Raphson iterative equation
θ = θ∗ + I(θ∗|T)−1U(θ∗|T). (2.35)
The iteration stops when ||θ − θ∗|| 12 < ǫ, where ǫ is our desired tolerance level. The
statistical program R was used to programs throughout this study [8]. The R code for the
Hjorth MLE implementation is in Appendix (5.1.3). Our preliminary results indicate that
the success of the convergence depends on our initial values, which may be difficult to find
since we do not have a graphical method for the data to be displayed in the context of the
MLE algorithms. In the case of the constant hazard, i.e, λ(θ|s) = θ the likelihood function
becomes
L(θ|T) = θn exp
n+1∑
j=1
Tj∫
0
θds

= θn exp
(
−
n+1∑
j=1
Tj
)
.
Taking the natural logarithm of L(θ|T) yields
ℓ(θ|T) = n log(θ)−
n+1∑
j=1
Tj . (2.36)
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Finally, taking the first derivative and setting it equal to 0 gives us the estimator
θˆ =
n
n+1∑
j=1
Tj
, (2.37)
which is the recurrence-exposure rate.
2.5.2 Nonlinear Least Squares Method
An alternative method to the MLE is the nonlinear least squares method. The least
squares method is an estimation procedure that finds the value of θ that minimizes the
sum of of squares. In our context, we use the computational form of the nonparametric
cumulative hazard estimation [6] as our response variables; that is,
Λˆ(t) =
∑
tj≤t
 ∆N(Tj)n+1∑
j=1
I(Tk ≥ Tj)
 , (2.38)
where ∆N(Tj) counts the number of failure times at t = tj and I(Tk ≥ Tj) is 1 if Tk ≥ Tj
(0 otherwise). We let the gap times Tj be the x-axis and therefore we can therefore use
the scatterplot to examine the relationship between Λ(t) and t. Figure 2.5 is an example
of a cumulative hazard. From this point, it is easier for us to find the classes of nonlinear
functions, and we are also able to use standard computing software such as R, SAS, or
TableCurve to find our least squares estimates.
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Figure 2.5: Cumulative hazard example.
The general approach to the least squares method is to find
θˆLS = argmin
θ∈Θ
{ SSE (θ|T)}, (2.39)
where SSE in our context is
SSE(θ|T) =
N∑
j=1
(Λˆ(Tj)− Λ(Tj |θ))
2, (2.40)
where Λ(Tj|θ) is the specified nonlinear function. Similar to the MLE, the numerical
method involves finding the gradient
U(θ|T) = ∇θSSE(θ|T) = 2
n∑
j=1
(Λˆ(Tj)− Λ(Tj |θ))
Ti∫
0
∇θλ(s|θ)ds (2.41)
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as well as the negative Hessian matrix
I(θ|T) = −∇θθtSSE(θ|T) =
n∑
j=1

Tij∫
0
∇θλ(s|θ)ds

⊗2
− Λ(Tj|θ)
Tij∫
0
∇θθtλ(s|θ)ds.
(2.42)
Using these quantities, we apply the Newton Raphson iterative method in (2.37). In the
case of the constant hazard model, we can obtain a closed form solution in that
∇θSSE(θ|T) = 2
∑
(Λˆ(Tj)− θTj)
Tj∫
0
1ds
= 2
∑
(Λˆ(Tj)− θTj)Tj .
Setting ∇θSSE(θ|T) = 0 yields:
θ
∑
Tj
2 =
n∑
j=1
Λˆ(Tj)Tj; (2.43)
and consequently
θˆLS =
n∑
j=1
Λˆ(Tj)Tj
n∑
j=1
Tj
2
. (2.44)
Based on our preliminary analysis, the least squares method has the advantage in model
building because it allows for the user to plot the curve based on an arbitrary selection of θ
which makes it easier to select a sufficient starting value for θ. In this study, we used this
graphing functionality in TableCurve.
2.6 The general bathtub model
Letλ1(t|θ1), λ2(t|θ2), ..., λk(t|θk) be the k bathtub models we have selected from liter-
ature. If feasible, we would like to construct an ensemble model
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ΛG(t|θ) =
k∑
j=1
WjΛj(t|θj), (2.45)
where Wj is the relative weight such that
k∑
j=1
Wj = 1. The choice of the weight could be
uniform (i.e, Wj = 1k , ∀j), or it may be data-driven based on some goodness-of-fit measure
such as R2 or mean-square error. It is also worth noting that the value of θ may change over
sites and months, and so we would like to investigate if it is possible to model the changes
in our parameter estimates.
2.7 Binary transformation of climate data
We now describe how we transform our climate data into gap times needed for anal-
ysis. Specifically, we are looking at durations of high and low-energy wind events. This
transformation starts with defining an arbitrary threshold value, say v, chosen by a user for
some specific purpose. Let [0, τ ] be the observation window, and in our case τ = 1 month
such that we access all the data for this period. We then make the high and low wind events
when the wind speed reaches v from below or when the wind speed reaches v from above.
Figure 2.6: 3 KY counties capturing High data.
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Figure 2.6 illustrates our method such that the thick bars represent the high-wind energy
gap times, and the regular lines represent the low wind energy gap times. In our model, we
assume that the gap times are independent such that the highs and the lows have a common
bathtub model. Therefore, we can partition our observation window as
[0, τ ] = {ℓ1, ℓ2, ..., ℓm} ∪ {h1, h2, ..., hn}, (2.46)
where ℓi ∼ F1(ℓ|θ1) and hi ∼ F2(ℓ|θ2)with corresponding bathtub hazard models λL(ℓ|θ1)
and λH(h|θ2). Since we expect site and month variation, we will model them separately.
2.8 Data collected with threshold settings
Data was gathered from the Kentucky Mesonet through their bulk data retrieval inter-
face. This data is a compilation of all weather data from 55 sites in 5 minute intervals.
In this study, we are using the minimum 3 second wind speed within the 5 minute period,
measured in meters per second.
In our first set of analyses, we used a low threshold of 0.8 mps (approximately 1.8
mph) in order to obtain sufficient gap times for the high wind energy events for 5 sites
and for a span of two years. The 5 sites examined were Bowling Green (FARM), Hartford
(HTFD), Liberty (PCWN), Morehead (MRHD), and Murray (MRRY). Furthermore, we
performed another set of analysis using 10 miles per hour as our threshold over a span of 1
year, and we considered all sites available. Not all sites and months are reflected since, in
many instances, there were either none or not enough gap times needed for our estimation
procedure.
2.9 Discovery of bathtub models in climate data
Our discovery started from our preliminary parametric model fits on the nonparametric
cumulative hazard with polynomial equation. In Figure 2.7, for example, we allowed a
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polynomial fit with a maximum degree of order 3. We then plot our hazard function by
taking the derivative of our parametric cumulative function, that is
λ(t) =
d
dt
Λ(t) = b+ 2.5cx1.5 + 3dx2 + .5ex−1.5, (2.47)
which has a bathtub shape once we extend t further right (Figure 2.8). We also tried several
data and observed the same pattern.
Based on these preliminary results, we began to look for bathtub models as alternatives
to parametric models. This preference is due to the fact that sometimes our polynomial
curves were not monotonically increasing for some values of t, which violates the property
of a cumulative hazard. Furthermore, bathtub models offer potential interpretations of its
coefficients.
Figure 2.7: Cumulative hazard function for Bowling Green April 2009.
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Figure 2.8: Hazard function for Bowling Green April 2009.
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CHAPTER 3
RESULTS
3.1 Demonstrating the parametric bathtub model fitting on January 2008 Bowling
Green wind speed data
We begin our results by demonstrating our analytical workflow using the January 2008
minimum wind speed data from the Bowling Green Mesonet (FARM) site illustrated in
Figure 3.1. This data is the minimum wind speed (in meters per second) from midnight
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Figure 3.1: January, 2008 minimum wind speed data at the Bowling Green Mesonet
(FARM) site. Unit time is in 5 minutes.
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of January 1 to midnight of February 1, 2008, collected every 5 minutes for a total of 6335
entries. In our first set of analyses, we set the minimum wind speed threshold at 0.8 mps
(1.8 miles per hour), which is at the 22nd percentile. This threshold was chosen so that we
have sufficient gap times in the high-energy state, not only for this data but also for all other
sites and months.
The next step is to transform the wind speed data into our gap time data as we have
explained in Section 2.7. The resulting data is shown in Table 3.1, which is a collection of
high-energy and low-energy gap time vectors.
$high.t
[1] 56 3 1 1 5 6 7 2 6 2 6 3 5 3 1 1 1 2
[19] 3 1 4 6 78 9 3 11 4 1 3 1 1 1 2 5 2 2
[37] 5 7 5 1 19 11 6 4 282 36 4 9 7 1 2 1 2 6
[55] 5 1 1 3 3 1 1 2 3 7 1 1 1 2 32 3 9 2
[73] 2 4 6 6 1 2 57 400 1 2 3 41 3 10 98 1 1 1
[91] 1 1 1 4 1 2 24 6 8 4 7 6 3 2 1 1 2 1
[109] 1 4 6 1 73 3 1 16 3 1 1 12 8 1 2 46 4 2
[127] 1 1 1 1 1 1 2 4 290 1 3 5 2 2 2 3 2 1
[145] 3 9 5 12 67 2 45 8 1 10 2 272 4 31 11 19 2 1
[163] 1 1 1 2 1 3 1 2 1 1 1 2 2 1 1 1 2 5
[181] 5 1 2 1 1 11 5 2 3 33 1 3 8 6 7 3 51 19
[199] 410 2 1 1 1 1 1 2 1 1 2 6 7 7 3 9 2 326
[217] 12 7 4 22 3 4 1 1 3 11 2 36 1 1 8 1 34 12
[235] 1 24 248 1 131 152 4 54 1 2 3 592 2 1 7 3 4 1
[253] 1 1 1 1 1 1 1 1 8 6 11
$low.t
[1] 1 1 6 1 1 6 8 2 2 2 1 3 1 4 2 2 4 1 1 1 2 3 1 1 5
[26] 2 3 2 6 5 2 18 4 19 8 2 1 4 6 1 3 1 1 2 1 9 2 12 3 14
[51] 6 2 5 1 35 1 2 18 6 2 45 3 1 1 11 20 8 4 9 3 37 2 3 4 6
[76] 4 2 9 4 1 2 6 4 2 1 1 2 1 4 26 9 1 2 9 3 18 19 7 5 6
[101] 8 8 4 8 10 8 1 11 4 8 18 3 1 1 2 2 14 23 9 11 1 2 2 1 3
[126] 4 1 5 9 1 1 3 2 1 1 1 2 1 4 2 1 1 1 1 1 2 1 1 2 2
[151] 1 6 1 2 8 1 1 1 12 1 3 4 1 2 5 1 2 3 4 5 6 2 1 1 8
[176] 6 7 6 61 13 1 4 1 11 20 11 3 1 7 2 1 1 1 2 2 1 2 1 1 31
[201] 4 8 12 10 4 4 1 1 1 1 2 1 1 1 34 1 1 3 2 9 2 2 7 5 10
[226] 2 3 13 1 9 2 1 3 22 3 3 2 2 1 7 6 36 20 17 3 1 2 1 1 1
[251] 1 5 4 6 4 3 2 7 5 4 2 1 2
Table 3.1: Wind speed gap times (x 5 minutes) after binary transformation using a threshold
of 0.8 mps.
Using the data in Table 3.1, we plot the nonparametric cumulative hazard for each vec-
tor and use computing software, such as TableCurve, to obtain our nonlinear least squares
estimates of our bathtub model parameters. For example, Figure 3.2 (a) shows the nonpara-
metric cumulative hazard for the high-energy gap times with the Hjorth’s bathtub model.
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From this result, we write our Hjorth’s cumulative hazard as
Λ̂(t) =
(1.14E − 5) t2
2
+
0.75109
1.2761
log (1 + 1.2761t)
= (5.7E − 6) t2 + 0.5668 log (1 + 1.2761t) . (3.1)
(a)
(b)
Figure 3.2: Hjorth high (a) and low (b) energy cumulative hazards for January,2008 data
from Bowling Green (FARM) site.
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Based on visual inspection and from the high coefficient of determination of 0.99 (Figure
3.2), we can say that the Hjorth bathtub model fits very well for the low-energy gap times.
On the other hand, the high-energy gap time survival curve may have fit reasonably well
overall, but it slightly overestimates for t ∈ [50, 150].
Using the estimates in Figure 3.2 (a), we calculate the the high-energy mean duration
Ê(T ) =
∞∫
0
exp
(
−Λ̂(s)
)
ds = 21.37(5) = 106.85, (3.2)
or approximately 107 minutes. Likewise, we use the Hjorth cumulative hazard for the
low-energy gap times in Figure 3.2 (b) to obtain our low-energy mean duration time of 28
minutes. Furthermore, we can obtain any percentile (or percentile rank) either from the
parametric
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Figure 3.3: Hjorth’s survival curves for January 2008 Bowling Green high and low wind
energy duration.
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survival curve estimate Ŝ(t) = exp
(
−Λ̂(t)
)
in Figure 3.3 or by finding the solution to
p = exp
(
−Λ̂(t)
)
where 0 < p < 1 is the pth percentile.
Finally, we show all five bathtub cumulative hazards, including our generalized (ensem-
ble) hazard function which is found by taking the average of all the five curves (Figure 3.4).
The appropriate weights will be determined later based on some goodness-of-fit measure,
such as the coefficient of determination (R2) or root mean square error.
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Figure 3.4: Fitted cumulative bathtub hazards including an ensemble model.
3.2 A two-year comprehensive study using a threshold of 1.8 mph
Using a low threshold level of 0.8 mps (1.8 mph), we performed a comprehensive
model fitting using five Mesonet sites, namely: Bowling Green (FARM), Hartford (HTFD),
Moorehead (MRHD), Murray (MRRY), and Liberty (PCWN) over 24 months from Jan-
27
uary 2008 to December 2009 for both high and low-energy gap times fitting all five bathtub
models for a total of 1200 individual analysis. We used the interactive features of the
TableCurve software to ensure convergence of the numerical least squares algorithm and
then recorded the parameter estimates and the coefficient of determination at its final iter-
ation. The compilation of the coefficients and the associated coefficients of determination
(R2) is found in Appendix 5.3.
Our two main objectives are to evaluate all five bathtub models mentioned in this study
and to examine whether it is possible to link the coefficients to the sites and months.
Figures 3.5 and 3.6 show the distribution of the coefficient of determination (R-squared)
values based on 120 data sets, taking high and low-energy gap times separately. In both
cases, the Hjorth model performed the best with all results in high-energy gap times and
most results in the low-energy gap times attaining R-squared values of 0.95 or higher. Xie
and Lai’s model was consistently the second best performer in both cases. Schabe’s model
came third in the low-energy gap times, while Lai, Xie and Murthy’s model came third in
the high-energy gap times. Since the Hjorth’s model has shown superiority over all other
models used, it is recommended that we place all or most of the weight to this model.
Figure 3.5: Distribution of R-squared values from 120 data sets for five fitted bathtub mod-
els for high wind events.
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Figure 3.6: Distribution of R-squared values from 120 data sets for five fitted bathtub mod-
els for low wind events.
Our next goal is to determine if it is possible to quantify the effects of site and month
on the the model parameters. For this, we used a two-factor factorial design using site and
month of the year as factors and years as replicates. In the case of the Hjorth model shown
in Table 3.2, the site was significant for all parameters except the increasing failure rate
parameter a in the low-energy gap time. Figure 3.7 shows that the mean parameter values
for b for Bowling Green (FARM) and Hartford (HTFD) sites are lower compared to the
other three sites on the low-energy gap times, but this trend is reversed on the high gap
times. On the other hand, month was a significant factor only for parameters a and b in
the high-energy gap times. Figure 3.8 shows that summer months (June, July and August)
were associated with lower parameter b values, while winter months had high values. No
significant interaction between site and month was detected at a 5% level of significance.
Based on these results, we were able to see some effects associated with site and month.
However, we observed that the overall model significance in many cases was insignificant;
hence, it is not advisable that we directly link these to the general bathtub model. This
outcome was largely due to the fact that the variation of the parameter values can change
drastically from month to month or from site to site.
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Table 3.2: Interaction Model for Hjorth model.
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.1987 0.0497 0.8481 0.5004
month 11 0.6020 0.0547 0.9344 0.5145
site*month 44 2.6113 0.0593 1.0132 0.4757
b site 4 1.8204 0.4551 5.8023 0.0005
month 11 0.5013 0.0456 0.5811 0.8367
site*month 44 2.0266 0.0461 0.5872 0.9669
c site 4 0.5073 0.1268 5.7035 0.0006
month 11 0.1803 0.0164 0.7370 0.6990
site*month 44 0.6205 0.0141 0.6341 0.9424
high a site 4 0.0000 0.0000 2.7358 0.0369
month 11 0.0000 0.0000 2.9104 0.0039
site*month 44 0.0000 0.0000 0.8730 0.6791
b site 4 1.4199 0.3550 6.0718 0.0004
month 11 3.3429 0.3039 5.1982 0.0000
site*month 44 3.9510 0.0898 1.5360 0.0609
c site 4 0.3727 0.0932 3.6765 0.0096
month 11 0.1347 0.0122 0.4831 0.9066
site*month 44 1.3689 0.0311 1.2277 0.2281
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Figure 3.7: Parameter values for Hjorth model by site and type.
Figure 3.8: Parameter values for Hjorth model by month and type.
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3.3 A one-year comprehensive study using a threshold of 10 mph
In our next set of analyses, we increased the minimum threshold to 10 mph. The ratio-
nale for this increase is that in the context of wind power generation, we assume that 10
mph is a sufficient threshold for a sustainable wind energy generation in Kentucky. In ad-
dition, this gives us another opportunity to observe how our bathtub models perform under
a higher wind threshold.
For this set of analyses, we used only 2009 climate data but increased our number
of sites from 5 to 15. Similar to our previous analysis, we transformed each data into
high and low-energy gap times, plotted the nonparametric cumulative hazards, fitted all 5
bathtub models, and recorded parameter coefficients and the coefficient of determination
values. At this higher threshold, not all sites and months have sufficient data for analysis,
especially in the high-energy gap times. Consequently, we further restricted our analysis of
high-energy gap times only to sites and months with at least 20 observed gap times. This
restriction of at least 20 gap times was because we were observing spurious results due to
model over-fitting for small samples, and we are also more interested in sites and months
that have greater wind activity. Based on this added restriction, only nine sites and only
for the month of Feburary, 2009 were used in the final analysis (Table 3.4). Only Bowling
Green (FARM) and Hartford (HTFD) in the original set remained in this analysis.
Using the one year data for nine sites in February 2009, we fit all five bathtub models.
The coefficients and the coefficient of determination are all tabulated in Appendix ?? and
the graphical representation is found in Figure 3.9. Figure 3.10 shows the distribution of
R-squared values for each model, and the results show that Hjorth continued to outperform
other models (as shown by the high median R-squared) and is more consistent in the results
(as shown by the small R-squared variability) relative to the other models. Schabe’s model
performed better than the four-parameter Xie and Lai’s model, as compared to our first
analysis where the trend was reversed.
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Table 3.4: one-year analysis sites included in the study.
Site Months
BLRK Feb
BMBL
CMBA Feb
CRMT
ERLN Feb, Mar
FARM Feb, Mar, Apr
HTFD Feb
LGNT Feb
LSML Feb, Mar
LXGN Feb, Mar
MRHD
MRRY
PCWN
PGHL Feb, Mar, Dec
SWON
Finally, we would like to use the Hjorth model and present the estimated mean gap
times for all nine sites (Table 3.5). Based on this result, the top three sites that have a
mean gap times of over 25 minutes are the Bowling Green site (FARM) at 29.82 minutes,
Hopkinsville (PGHL) at 27.10 , and Columbia site (CMBA) at 25.77 minutes. All of the
sites are within the south central Kentucky area.
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Table 3.5: Hjorth Estimated mean high-energy duration times (minutes) using a 10mph
threshold
Site Mean duration
BLRK 19.31
CMBA 25.77
ERLN 22.61
FARM 29.82
HTFD 20.92
LGNT 23.05
LSML 24.56
PGHL 27.10
Figure 3.9: Parameter values for Hjorth’s model across sites: Feb 2009 data.
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Figure 3.10: Coefficient of determination
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CHAPTER 4
CONCLUSION
This problem was motivated from an ongoing Kentucky Mesonet research collaboration
looking at wind velocity thresholds and then using the data collected from their database
to study the distributional properties of the duration of the high-wind events. An arbitrary
threshold was considered, and we proceeded to transform the time series climate data into
recurrent-event data, separated for high-energy and low-energy wind durations. Our ob-
jectives were to fit bathtub models proposed in literature, to propose a generalized bathtub
model, to apply these models to Kentucky Mesonet data, and to make recommendations as
to the feasibility of wind power generation.
We described the mathematical framework used in this study based on transforming
wind data and repartitioning our observation window as a union of high and low-energy
gap times. From the gap times, we obtained our nonparametric hazard curves separately
for high and low-energy states. Our initial polynomial fit attempts led us to explore bathtub
hazard models.
We examined five different bathtub models: Hjorth; Xie and Lai; Lai, Xie, and Murthy;
Schabe; and Slymen. We also proposed a generalized bathtub model based on weighted
averages of these models. In the two-year comprehensive study, we set the threshold at
1.8 mph, and we obtained data from five sites: Bowling Green (FARM), Hartford (HTFD),
Morehead (MRHD), Murray (MRRY), and Liberty (PCWN) from January 2008 to Decem-
ber 2009. Results show that the Hjorth model performed the best, with all of the results in
high-energy gap times and with most of the results in the low-energy gap times, attaining
an R-squared of 0.95 or higher. For the one-year 2009 study, we increased the thresh-
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old to 10 mph and increased the number of Kentucky Mesonet sites to 15. For statistical
and practical relevance, we further restricted our analysis to nine sites and to the month
of February 2009. The Hjorth model continued to outperform other models (as shown by
the high median R-squared) and is more consistent in the results (as shown by the small
R-squared variability) relative to the other models. Finally, we used the Hjorth model to
obtain the high-energy mean duration gap times for the 9 sites. Results show that the Bowl-
ing Green (FARM), Hopkinsville (PGHL), and Columbia (CMBA) sites had were the top
three highest mean duration.
We are currently developing web-based analytics that will perform both nonparametric
and parametric bathtub models on the Kentucky Mesonet database available for users. We
would like this to be available on our current prototype website, showing updated weather
profiles for all weather sites in Kentucky. We further recommend that we add other Ken-
tucky Mesonet sites and months, as data becomes available, to our current model fits in
order to establish long-term and seasonal trends.
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APPENDIX
5.1 R code
5.1.1 A sample workflow using original wind data to generate nonparametric cumu-
lative hazards
ch=function(failed){
####################################
# J.Polcer and J.Quiton
# 12 June 2009
# Description: km() is a kaplan-meier
# survival plot with no censoring
#
# Input:
# failed is the failure times
####################################
#---create a table containing t and d-----#
temp=table(failed)
t=as.numeric(row.names(temp))
d=as.vector(temp)
ghaz=function(x){
n=sum(failed>=t[x])
return(d[x]/n)
}
haz=sapply(1:length(t),ghaz)
ch=cumsum(haz)
t=c(0,t)
ch=c(0,ch)
plot(ch~t,type=’s’,ylab="cumulative hazard",xlab="time")
return(list(ch=ch,t=t))
}
genr=function(y,threshhold,lag){
###############################
# J. Polcer and J. Quiton
# 16 June 2009
# for generating recurrent event data from climate data
###############################
temp=y
ma=temp[is.na(temp)==FALSE]
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t=seq(1-length(ma))
unit.time=5*lag
binary=1*(ma>=threshhold)
high.ctr=1*(binary[1]==1)
low.ctr=1*(binary[1]==0)
high.t=NULL
low.t=NULL
last.val=binary[1]
for(i in 2:length(binary)){
high.ctr=high.ctr+1*(binary[i]==1)
low.ctr=low.ctr+1*(binary[i]==0)
if (last.val!=binary[i]) {
if(last.val==0){
low.t=c(low.t,low.ctr)
low.ctr=0
}
if(last.val==1){
high.t=c(high.t,high.ctr)
high.ctr=0
}
last.val=binary[i]
}
}
return(list(high.t=high.t,low.t=low.t))
}
setwd("C:/Documents and Settings/JP/Desktop/FARM 2008")
climate=read.csv("FARM0309.csv")
rdat=genr(y=climate$WSMN,threshhold=0.8,lag=12)
dat2=list(t=rdat$high.t,delta=rep(1,length(rdat$high.t)))
high=max(rdat$high.t)
ch(rdat$high.t)
temp=ch(rdat$high.t)
res=as.data.frame(cbind(temp$t,temp$ch))
names(res)=c("t","ch")
write.csv(res,"FARM0309lowt.csv",row.names=F)
5.1.2 Preliminary analysis prior to our use of bathtub models
t=seq(0,1000,by=0.5)
haz=-0.01959651970760843+(2.5)*.000001133886620413617*t^1.5-(3)
*.00000002377623577328148*t^2+(.5)*0.4750802228610757*t^(-.5)
plot(haz~t,type="l")
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title(main="BLRKhigh.t")
t=seq(0,1000,by=0.5)
haz=0.07258978459664298-(2.5)*0.0004275111728652468*t^1.5+(3)
*.00003900671853016881*t^2+(.5)*0.447702353233946*t^(-.5)
plot(haz~t,type="l")
title(main="BLRKlow.t")
t=seq(0,1000,by=0.5)
haz=0.1606208001454390-(2.5)*0.001099236247025510*t^1.5+(3)
*0.0001274024799192982*t^2+(.5)*0.2982848465142817*t^(-.5)
plot(haz~t,type="l")
title(main="BMBLhigh.t")
t=seq(0,1000,by=0.5)
haz=-0.006156736511641669-(1.5)*0.003770254179312682*t^.5+(3)
*.0000009865132308477570*t^2+(.5)*0.6948173915840675*t^(-.5)
plot(haz~t,type="l")
title(main="BMBLlow.t")
t=seq(0,1000,by=0.5)
haz=-0.04926872180680716+(1.5)*0.002023628701326530*t^.5-(2)
*.00002697701301446685*t^1+(.5)*0.6116010053531059*t^(-.5)
plot(haz~t,type="l")
title(main="CMBAhigh.t")
t=seq(0,1000000,by=0.5)
haz=0.1295196538199984-(1.5)*0.01161745293460506*t^.5
+.00000000000003221413589054748*(t)
*0.3339848795840619^(t-1)+(.5)*0.3339848795840619*t^(-.5)
plot(haz~t,type="l")
title(main="CMBAlow.t")
5.1.3 Newton-Raphson implementation to Weibull distribution
#Newton Raphson Method: Weibull#
mleweibull=function(dat,start=c(1,1),tol=1e-4,maxiter=100){
score=function(x,t){
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alpha=x[1]
beta=x[2]
n=length(t)
u1=n/alpha+n*log(beta)+sum(log(t))
-beta^alpha*log(beta)*sum(t^alpha)
-beta^alpha*sum(t^alpha*log(t))
u2=(n*alpha)/beta-alpha*(beta^(alpha-1))*sum(t^alpha)
return(c(u1,u2))
}
fisher=function(x,t){
alpha=x[1]
beta=x[2]
n=length(t)
I11=-((-n/alpha^2)
-(beta^alpha)*log(beta)^2*sum(t^alpha)
-(beta^alpha)*log(beta)*sum(t^alpha*log(t))
-(beta^alpha)*log(beta)*sum(t^alpha*log(t))
-(beta^alpha)*sum(t^alpha*log(t)^2))
I12=-(n/beta-alpha*beta^(alpha-1)*log(beta)*sum(t^alpha)
-beta^(alpha-1)*sum(t^alpha)
-alpha*beta^(alpha-1)*sum(t^alpha*log(t))
)
I22=-((-n*alpha)/beta^2
-alpha*(alpha-1)*beta^(alpha-2)*sum(t^alpha)
)
temp=matrix(c(I11,I12,I12,I22),ncol=2)
return(temp)
}
ctr=0
temp=start
repeat{
theta=as.vector(temp)
temp=theta+score(x=theta,t=dat)%*%solve(fisher(x=theta,t=dat))
ctr=ctr+1
dist=sqrt(sum((theta-temp)^2))
if(ctr==maxiter){
conv=FALSE
break}
if(dist<tol){
conv=TRUE
break}
}
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return(list(par=as.vector(temp),convergence=conv))
}
dat=rweibull(n=30,shape=2,scale=1/3)
mleweibull(dat=dat)
5.2 Newton Raphson Gamma Derivation
#Newton Raphson Method: Gamma#
mlegamma=function(dat,start=c(1,1),tol=1e-4,maxiter=100){
score=function(x,t){
alpha=x[1]
beta=x[2]
n=length(t)
u1=sum(log(t))-n*digamma(alpha)+n*log(beta)
u2=((n*alpha)/beta)-sum(t)
return(c(u1,u2))
}
fisher=function(x,t){
alpha=x[1]
beta=x[2]
n=length(t)
I11=n*trigamma(alpha)
I12=-n/beta
I22=((n*alpha)/beta^2)
temp=matrix(c(I11,I12,I12,I22),ncol=2)
return(temp)
}
ctr=0
temp=start
repeat{
theta=as.vector(temp)
temp=theta+score(x=theta,t=dat)%*%solve(fisher(x=theta,t=dat))
ctr=ctr+1
dist=sqrt(sum((theta-temp)^2))
if(ctr==maxiter){
conv=FALSE
break}
if(dist<tol){
conv=TRUE
break}
}
return(list(theta=temp,convergence=conv))
}
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dat=rgamma(n=30,shape=2,rate=3)
mlegamma(dat=dat)
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5.3 Coefficients for 2-year data
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Table 5.1: Model fits using 1.8 mps threshold: Low-energy
gap times Jan 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000951 0.213734 0.335345 . 0.9930
HTFD 0.000000 0.195243 0.425874 . 0.9697
MRHD 0.000208 1.193720 0.762328 . 0.9883
MRRY 0.000589 0.863405 0.726651 . 0.9912
PCWN 0.002952 1.149566 1.049406 . 0.9910
LaiXieMur FARM 0.435900 0.608180 0.001480 . 0.9910
HTFD 0.631900 0.552760 0.000003 . 0.9510
MRHD 0.778030 0.298220 0.003085 . 0.9840
MRRY 0.797120 0.350290 0.004791 . 0.9820
PCWN 1.034030 0.329000 0.002052 . 0.9760
Schabe FARM 0.029567 66.04446 . . 0.9778
HTFD 0.021958 61.20328 . . 0.9378
MRHD 0.018913 191.6061 . . 0.9671
MRRY 0.021367 97.18270 . . 0.9946
PCWN 0.009263 136.3772 . . 0.9890
Slymen FARM 0.000049 0.803600 1.353000 . 0.9086
HTFD 0.000013 0.811257 1.365901 . 0.8959
MRHD 0.000001 0.664153 1.321254 . 0.9422
MRRY 0.000007 0.681252 1.364038 . 0.9694
PCWN 0.000008 0.939074 1.288314 . 0.9759
XieandLai FARM 0.040000 0.795000 0.158000 0.579000 0.9910
HTFD 0.074000 0.557000 0.188000 0.557000 0.9510
MRHD 0.007000 6.748000 0.330000 0.386000 0.9900
MRRY 0.171000 0.310000 0.302000 0.311000 0.9420
PCWN 0.968000 0.363000 0.009000 4.534000 0.9840
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Table 5.2: Model fits using 1.8 mps threshold: Low-energy
gap times Feb 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000974 0.233158 0.383540 . 0.9927
HTFD 2.468589 0.646614 0.722500 . 0.9791
MRHD 0.000277 0.624221 0.569119 . 0.9920
MRRY 0.000754 0.302270 0.479264 . 0.9952
PCWN 0.000247 0.346547 0.548148 . 0.9935
LaiXieMur FARM 0.480750 0.616800 0.000051 . 0.9450
HTFD . . . . .
MRHD 0.731680 0.372520 0.002468 . 0.9870
MRRY 0.606590 0.555650 0.000319 . 0.9960
PCWN 0.608000 0.539200 0.000000 . 0.9770
Schabe FARM 0.030220 57.98104 . . 0.9814
HTFD 0.002056 599.6275 . . 0.9736
MRHD 0.014695 149.0927 . . 0.9870
MRRY 0.016924 71.11669 . . 0.9790
PCWN 0.009301 105.9155 . . 0.9759
Slymen FARM 0.000004 0.606303 1.442200 . 0.9562
HTFD 0.000003 1.073014 1.225561 . 0.9116
MRHD 0.000001 0.694006 1.336166 . 0.9691
MRRY 0.000015 0.739694 1.393388 . 0.9810
PCWN 0.000041 0.939313 1.316030 . 0.9764
XieandLai FARM 0.042000 0.618000 0.173000 0.618000 0.9950
HTFD 0.075000 0.333000 0.201000 0.334000 0.9330
MRHD 0.008000 2.844000 0.399000 0.416000 0.9880
MRRY 0.100000 0.386000 0.231000 0.385000 0.9750
PCWN 0.037000 0.031000 0.182000 0.653000 0.9620
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Table 5.3: Model fits using 1.8 mps threshold: Low-energy
gap times Mar 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000856 0.808893 0.737772 . 0.9692
HTFD 0.005669 0.886490 0.834310 . 0.9904
MRHD 0.000212 0.410272 0.427029 . 0.9935
MRRY 0.000177 0.359903 0.529000 . 0.9969
PCWN 0.000070 0.362070 0.490091 . 0.9832
LaiXieMur FARM 0.718520 0.433240 0.002650 . 0.9580
HTFD 0.714560 0.455910 0.016895 . 0.9870
MRHD 0.622220 0.424980 0.001309 . 0.9890
MRRY 0.608000 0.539200 0.000000 . 0.9470
PCWN 0.608000 0.539200 0.000000 . 0.6620
Schabe FARM 0.024499 73.56634 . . 0.9699
HTFD 0.047449 30.33058 . . 0.9964
MRHD 0.016436 149.3161 . . 0.9964
MRRY 0.009243 123.0954 . . 0.9869
PCWN 0.006261 209.5771 . . 0.9751
Slymen FARM 0.000099 0.643800 1.441000 . 0.6665
HTFD 0.000000 0.852404 1.402067 . 0.9553
MRHD 0.000001 0.688465 1.333090 . 0.9647
MRRY 0.000035 0.918090 1.307256 . 0.9759
PCWN 0.000031 0.917775 1.284290 . 0.9680
XieandLai FARM 0.053000 0.485000 0.163000 0.495000 0.9560
HTFD 0.458000 0.598000 0.036000 13.72600 0.9970
MRHD 0.007000 20.70500 0.309000 0.458000 0.9970
MRRY 0.011000 61.83000 0.553000 0.427000 0.9940
PCWN 0.058000 0.418000 0.182000 0.419000 0.9900
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Table 5.4: Model fits using 1.8 mps threshold: Low-energy
gap times Apr 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000420 0.213799 0.337641 . 0.9925
HTFD 0.005043 0.578830 0.649490 . 0.9864
MRHD 0.000179 0.606532 0.572592 . 0.9863
MRRY 0.000236 0.644320 0.638203 . 0.9886
PCWN 0.000597 0.511356 0.546941 . 0.9897
LaiXieMur FARM 0.475700 0.569700 0.000500 . 0.9920
HTFD 0.639450 0.506630 0.014270 . 0.9820
MRHD 0.745820 0.382070 0.001169 . 0.9780
MRRY 0.768100 0.397190 0.001120 . 0.9880
PCWN 0.678430 0.434950 0.003047 . 0.9910
Schabe FARM 0.022512 86.60996 . . 0.9844
HTFD 0.041526 32.87643 . . 0.9851
MRHD 0.013375 163.7502 . . 0.9884
MRRY 0.012208 144.8950 . . 0.9875
PCWN 0.019553 91.66909 . . 0.9877
Slymen FARM 0.000000 0.601852 1.439619 . 0.8317
HTFD 0.000015 0.854425 1.400620 . 0.9437
MRHD 0.000015 0.690417 1.331988 . 0.9679
MRRY 0.000014 0.705074 1.343369 . 0.9796
PCWN 0.000004 0.769098 1.343480 . 0.9702
XieandLai FARM 0.045000 0.569000 0.130000 0.570000 0.9930
HTFD 0.418000 0.619000 0.033000 6.222000 0.9890
MRHD 0.007000 25.43400 0.442000 0.406000 0.9920
MRRY 0.016000 0.023000 0.135000 0.753000 0.9830
PCWN 0.012000 2.107000 0.402000 0.461000 0.9910
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Table 5.5: Model fits using 1.8 mps threshold: Low-energy
gap times May 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000231 0.217337 0.367677 . 0.9943
HTFD 0.002571 0.343490 0.484912 . 0.9919
MRHD 0.000167 0.758898 0.629263 . 0.9721
MRRY 0.000124 0.600559 0.604627 . 0.9924
PCWN 0.000431 1.216271 0.947253 . 0.9893
LaiXieMur FARM 0.566310 0.520110 0.001090 . 0.9850
HTFD 0.547640 0.575220 0.005894 . 0.9900
MRHD 0.780650 0.346140 0.001608 . 0.9570
MRRY 0.812760 0.374340 0.000675 . 0.9820
PCWN 0.939160 0.303320 0.004270 . 0.9790
Schabe FARM 0.012896 112.5351 . . 0.9712
HTFD 0.032455 43.91860 . . 0.9772
MRHD 0.014654 175.8871 . . 0.9717
MRRY 0.009540 191.6796 . . 0.9952
PCWN 0.016358 117.5742 . . 0.9913
Slymen FARM 0.000016 0.668397 1.384640 . 0.9587
HTFD 0.000004 0.828754 1.383180 . 0.9425
MRHD 0.000003 0.674628 1.325664 . 0.9453
MRRY 1.060650 0.819425 1.294464 . 0.9738
PCWN 0.000033 0.749848 1.333080 . 0.9712
XieandLai FARM 0.079000 0.519000 0.114000 0.525000 0.9910
HTFD 0.353000 0.626000 0.022000 3.813000 0.9910
MRHD 0.007000 10.56900 0.468000 0.376000 0.9840
MRRY 0.050000 0.436000 0.143000 0.436000 0.9910
PCWN 0.010000 6.172000 0.570000 0.395000 0.9950
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Table 5.6: Model fits using 1.8 mps threshold: Low-energy
gap times Jun 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.002127 0.402144 0.425540 . 0.9921
HTFD 0.001784 0.494490 0.571070 . 0.9838
MRHD 0.000298 0.909540 0.644112 . 0.9773
MRRY 0.000146 0.551790 0.586783 . 0.9949
PCWN 0.000138 0.761375 0.726336 . 0.9958
LaiXieMur FARM 0.502200 0.504600 0.009500 . 0.9910
HTFD 0.627870 0.498930 0.005542 . 0.9770
MRHD 0.755260 0.312650 0.003933 . 0.9700
MRRY 0.812140 0.381490 0.000876 . 0.9880
PCWN 0.909810 0.341630 0.001216 . 0.9880
Schabe FARM 0.041535 53.06577 . . 0.9878
HTFD 0.033235 49.87569 . . 0.9904
MRHD 0.024393 139.1089 . . 0.9744
MRRY 0.008445 191.2055 . . 0.9924
PCWN 0.007842 206.4678 . . 0.9926
Slymen FARM 0.000001 0.644932 1.441352 . 0.9082
HTFD 0.000005 0.812866 1.391677 . 0.9440
MRHD 0.000001 0.672159 1.325450 . 0.9273
MRRY 0.000002 0.791329 1.310060 . 0.9807
PCWN 0.000144 0.819133 1.298010 . 0.9837
XieandLai FARM 0.020000 15.17200 0.236000 0.669000 0.9940
HTFD 0.395000 0.553000 0.022000 30.19400 0.9920
MRHD 0.008000 31.38900 0.284000 0.436000 0.9970
MRRY 0.006000 5.515000 0.417000 0.394000 0.9960
PCWN 0.005000 3.578000 0.672000 0.371000 0.9910
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Table 5.7: Model fits using 1.8 mps threshold: Low-energy
gap times Jul 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000250 0.238454 0.357708 . 0.9941
HTFD 0.000000 0.158406 0.375290 . 0.9901
MRHD 0.000104 0.538029 0.425743 . 0.9669
MRRY 0.000100 0.690410 0.564719 . 0.9774
PCWN 0.000123 0.484922 0.446268 . 0.9802
LaiXieMur FARM 0.566170 0.511960 0.000012 . 0.9920
HTFD 0.060890 0.539550 0.000000 . 0.9600
MRHD 0.630570 0.361000 0.001314 . 0.9580
MRRY 0.752500 0.344300 0.001006 . 0.9600
PCWN 0.658940 0.384150 0.001128 . 0.9760
Schabe FARM 0.016462 109.0250 . . 0.9854
HTFD 0.007899 120.0770 . . 0.9226
MRHD 0.017876 227.6714 . . 0.9642
MRRY 0.012301 237.7153 . . 0.9700
PCWN 0.014607 201.8469 . . 0.9823
Slymen FARM 0.000006 0.588956 1.403443 . 0.9646
HTFD 0.000007 0.954660 1.314090 . 0.9288
MRHD 0.000001 0.606426 1.321156 . 0.9269
MRRY 0.000022 0.622971 1.327046 . 0.9475
PCWN 0.000008 0.664794 1.321530 . 0.9574
XieandLai FARM 0.045000 0.517000 0.135000 0.517000 0.9920
HTFD 0.071000 0.506000 0.209000 0.504000 0.9720
MRHD 0.006000 18.69500 0.266000 0.396000 0.9930
MRRY 0.048000 0.365000 0.125000 0.366000 0.9630
PCWN 0.006000 85.56700 0.305000 0.422000 0.9930
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Table 5.8: Model fits using 1.8 mps threshold: Low-energy
gap times Aug 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000158 0.222990 0.332472 . 0.9957
HTFD 0.002154 0.309056 0.488850 . 0.9829
MRHD 0.000113 0.832383 0.586599 . 0.9826
MRRY 0.000125 0.849315 0.696141 . 0.9768
PCWN 0.000128 0.354672 0.393062 . 0.9941
LaiXieMur FARM 0.531070 0.490760 0.000551 . 0.9790
HTFD 0.576770 0.514220 0.007899 . 0.9830
MRHD 0.755300 0.306710 0.001984 . 0.9720
MRRY 0.849290 0.326480 0.001364 . 0.9620
PCWN 0.634640 0.420110 0.000754 . 0.9880
Schabe FARM 0.010945 158.6585 . . 0.9773
HTFD 0.025203 55.50937 . . 0.9524
MRHD 0.016768 229.5599 . . 0.9717
MRRY 0.011478 209.7980 . . 0.9719
PCWN 0.011769 195.7427 . . 0.9944
Slymen FARM 0.000000 0.771505 1.323730 . 0.9657
HTFD 0.000006 0.817630 1.374709 . 0.9349
MRHD 0.000004 0.609145 1.322473 . 0.9501
MRRY 0.000121 0.670374 1.323513 . 0.9555
PCWN 0.000013 0.682055 1.328911 . 0.9708
XieandLai FARM 0.028000 0.502000 0.150000 0.504000 0.9950
HTFD 0.052000 0.482000 0.052000 0.544000 0.9950
MRHD 0.005000 8.571000 0.319000 0.376000 0.9930
MRRY 0.006000 4.360000 0.388000 0.392000 0.9930
PCWN 0.005000 8.188000 0.328000 0.440000 0.9930
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Table 5.9: Model fits using 1.8 mps threshold: Low-energy
gap times Sep 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000578 0.842453 0.667426 . 0.9916
HTFD 0.000003 0.118500 0.364260 . 0.9789
MRHD 0.000115 1.039644 0.655478 . 0.9858
MRRY 0.000132 0.693868 0.602371 . 0.9926
PCWN 0.000162 0.251257 0.350147 . 0.9899
LaiXieMur FARM 0.753340 0.342690 0.005366 . 0.9840
HTFD 0.655900 0.560650 0.000002 . 0.9720
MRHD 0.790680 0.275240 0.002439 . 0.9710
MRRY 0.800170 0.342200 0.001423 . 0.9810
PCWN 0.608000 0.539200 0.000000 . 0.5020
Schabe FARM 0.024303 101.6073 . . 0.9932
HTFD 0.014509 68.31216 . . 0.9377
MRHD 0.018039 239.9386 . . 0.9630
MRRY 0.011714 205.4118 . . 0.9925
PCWN 0.012835 147.9527 . . 0.9851
Slymen FARM 0.000011 0.767070 1.322504 . 0.9350
HTFD 0.000001 0.869853 1.386733 . 0.8585
MRHD 0.000013 0.601368 1.318680 . 0.9391
MRRY 0.000073 0.643693 1.334836 . 0.9731
PCWN 0.000012 0.708994 1.340687 . 0.9680
XieandLai FARM 0.011000 5.693000 0.356000 0.449000 0.9930
HTFD 0.779000 0.556000 0.214000 0.559000 0.9720
MRHD 0.005000 9.469000 0.294000 0.372000 0.9910
MRRY 0.039000 0.446000 0.129000 0.444000 0.9870
PCWN 0.316000 0.489000 0.141000 0.493000 0.9890
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Table 5.10: Model fits using 1.8 mps threshold: Low-energy
gap times Oct 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000158 0.309770 0.377525 . 0.9756
HTFD 0.003552 0.646042 0.585400 . 0.9873
MRHD 0.000147 1.255009 0.748785 . 0.9683
MRRY 0.000083 0.689036 0.593808 . 0.9892
PCWN 0.000053 0.682534 0.702891 . 0.9875
LaiXieMur FARM 0.590580 0.465950 0.000014 . 0.9710
HTFD 0.583920 0.460190 0.014841 . 0.9860
MRHD 0.813960 0.236920 0.002957 . 0.9510
MRRY 0.794900 0.342400 0.000881 . 0.9820
PCWN 0.790530 0.398120 0.000679 . 0.9560
Schabe FARM 0.015833 144.0185 . . 0.9774
HTFD 0.045208 42.30467 . . 0.9817
MRHD 0.019422 216.6262 . . 0.9406
MRRY 0.009943 254.4019 . . 0.9870
PCWN 0.005200 282.1634 . . 0.9876
Slymen FARM 0.000002 0.760646 1.318888 . 0.9353
HTFD 0.000002 0.812504 1.374820 . 0.9005
MRHD 0.000006 0.604628 1.320364 . 0.9178
MRRY 0.000000 0.665654 1.317383 . 0.9738
PCWN 0.977033 1.017199 1.242241 . 0.9665
XieandLai FARM 0.413000 0.469000 0.112000 0.469000 0.9710
HTFD 0.329000 0.564000 0.029000 2.851000 0.9860
MRHD 0.006000 12.32100 0.330000 0.360000 0.9900
MRRY 0.050000 0.362000 0.144000 0.366000 0.9620
PCWN 0.067000 0.352000 0.186000 0.352000 0.9750
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Table 5.11: Model fits using 1.8 mps threshold: Low-energy
gap times Nov 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000160 0.250510 0.280583 . 0.9910
HTFD 0.002711 0.474990 0.523900 . 0.9920
MRHD 0.000097 0.880459 0.622344 . 0.9854
MRRY 0.000112 0.541268 0.555574 . 0.9755
PCWN 0.000226 0.698983 0.671208 . 0.9957
LaiXieMur FARM 0.448720 0.492130 0.000501 . 0.9880
HTFD 0.562870 0.009230 0.009220 . 0.9910
MRHD 0.799170 0.294610 0.001851 . 0.9740
MRRY 0.729170 0.408890 0.000747 . 0.9700
PCWN 0.840100 0.359090 0.001862 . 0.9880
Schabe FARM 0.020287 167.4213 . . 0.9915
HTFD 0.037245 46.24467 . . 0.9808
MRHD 0.012981 267.8074 . . 0.9661
MRRY 0.010368 187.1874 . . 0.9773
PCWN 0.011394 154.4923 . . 0.9960
Slymen FARM 0.000121 0.712560 1.312250 . 0.8886
HTFD 0.000001 0.808825 1.371986 . 0.9209
MRHD 0.000001 0.606935 1.321285 . 0.9576
MRRY 0.000005 0.749622 1.312550 . 0.9574
PCWN 0.000057 0.716111 1.336702 . 0.9821
XieandLai FARM 0.008000 0.582000 0.134000 0.503000 0.9880
HTFD 0.337000 0.574000 0.025000 2.583000 0.9910
MRHD 0.005000 3.613000 0.379000 0.352000 0.9810
MRRY 0.041000 0.493000 0.111000 0.494000 0.9930
PCWN 0.007000 6.481000 0.524000 0.406000 0.9930
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Table 5.12: Model fits using 1.8 mps threshold: Low-energy
gap times Dec 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.003857 0.901750 0.607793 . 0.9919
HTFD 0.001585 0.105528 0.345710 . 0.9936
MRHD 0.000686 0.305628 0.364800 . 0.9908
MRRY 0.000159 0.385657 0.555183 . 0.9824
PCWN 0.000252 0.365225 0.500659 . 0.9944
LaiXieMur FARM 0.556840 0.397810 0.205850 . 0.9890
HTFD 0.539690 0.538760 0.000032 . 0.9910
MRHD 0.520940 0.487370 0.003897 . 0.9940
MRRY 0.608000 0.539200 0.000000 . 0.9410
PCWN 0.608000 0.539200 0.000000 . 0.9260
Schabe FARM 0.059172 43.11843 . . 0.9849
HTFD 0.030428 44.00497 . . 0.9635
MRHD 0.021993 95.82242 . . 0.9682
MRRY 0.008293 132.7221 . . 0.9712
PCWN 0.010353 125.4672 . . 0.9836
Slymen FARM 0.000386 0.668700 1.443000 . 0.8316
HTFD 0.000010 0.832868 1.386005 . 0.9366
MRHD 0.000006 0.680729 1.369427 . 0.9440
MRRY 0.000033 0.925715 1.304972 . 0.9635
PCWN 0.000021 0.796540 1.337880 . 0.9819
XieandLai FARM 0.270000 0.565000 0.030000 3.434000 0.9920
HTFD 0.065000 0.649000 0.200000 0.655000 0.9920
MRHD 0.259000 1.317000 0.288000 0.434000 0.9950
MRRY 0.006000 1.528000 6.452000 0.470000 0.9870
PCWN 0.062000 0.468000 0.164000 0.483000 0.9970
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Table 5.13: Model fits using 1.8 mps threshold: Low-energy
gap times Jan 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM −.000056 0.211037 0.413373 . 0.9902
HTFD 0.000008 0.060675 0.323930 . 0.9884
MRHD 0.000116 0.261959 0.339889 . 0.9910
MRRY 0.000005 0.269627 0.463919 . 0.9838
PCWN 0.000116 0.230820 0.395483 . 0.9113
LaiXieMur FARM . . . . .
HTFD 0.425130 0.765320 0.000001 . 0.9880
MRHD 0.608000 0.539200 0.000000 . 0.1990
MRRY . . . . .
PCWN 0.608000 0.539200 0.000000 . 0.1520
Schabe FARM 0.000697 1512.737 . . 0.9465
HTFD 0.038913 32.91877 . . 0.9490
MRHD 0.012500 176.6055 . . 0.9873
MRRY 0.000013 73108.11 . . 0.9456
PCWN 0.001628 474.1059 . . 0.9700
Slymen FARM 0.000073 1.257040 1.190540 . 0.8641
HTFD 0.000008 0.855550 1.407353 . 0.9261
MRHD 0.000000 0.655115 0.134385 . 0.9580
MRRY 0.000009 1.587500 1.132362 . 0.8472
PCWN 0.000005 1.432305 1.175503 . 0.9421
XieandLai FARM 0.101000 0.311000 0.235000 0.310000 0.8770
HTFD 0.004000 0.314000 0.062000 0.314000 0.9230
MRHD 0.033000 0.469000 0.120000 0.470000 0.9870
MRRY 0.200000 0.241000 0.332000 0.241000 0.8350
PCWN 0.066000 0.394000 0.165000 0.395000 0.9750
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Table 5.14: Model fits using 1.8 mps threshold: Low-energy
gap times Feb 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000369 0.564894 0.555938 . 0.9886
HTFD 0.000000 0.236910 0.476080 . 0.9873
MRHD 0.000111 0.611624 0.510440 . 0.9927
MRRY 0.000412 0.695434 0.714966 . 0.9710
PCWN 0.000111 0.221105 0.407783 . 0.9874
LaiXieMur FARM 0.652460 0.436750 0.001453 . 0.9810
HTFD 0.636620 0.550600 0.000000 . 0.9700
MRHD 0.689000 0.365290 0.001101 . 0.9920
MRRY 0.783520 0.413730 0.001798 . 0.9780
PCWN 0.608000 0.539200 0.000000 . 0.7890
Schabe FARM 0.017838 114.7991 . . 0.9876
HTFD 0.017148 38.36826 . . 0.9631
MRHD 0.013001 229.1704 . . 0.9882
MRRY 0.012662 114.3700 . . 0.9668
PCWN 0.003995 227.5458 . . 0.9716
Slymen FARM 0.000000 0.744865 1.328240 . 0.9478
HTFD 0.000005 0.826452 1.363487 . 0.9360
MRHD 0.000003 0.621583 1.328592 . 0.9747
MRRY 0.000005 0.806850 1.302215 . 0.9725
PCWN 0.000007 1.118621 1.353896 . 0.9535
XieandLai FARM 0.010000 6.967000 0.373000 0.457000 0.9830
HTFD 0.322000 0.247000 0.001000 65.26000 0.9880
MRHD 0.005000 9.062000 0.325000 0.402000 0.9970
MRRY 0.543000 0.358000 0.026000 0.972000 0.9790
PCWN 0.053000 0.330000 0.156000 0.331000 0.9510
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Table 5.15: Model fits using 1.8 mps threshold: Low-energy
gap times Mar 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000809 0.313973 0.377099 . 0.9763
HTFD 0.000858 0.229397 0.450880 . 0.9961
MRHD 0.000102 0.346551 0.376467 . 0.9871
MRRY 0.000299 0.580763 0.637500 . 0.9801
PCWN 0.003946 0.691930 0.702117 . 0.9848
LaiXieMur FARM 0.473520 0.546390 0.002014 . 0.9740
HTFD 0.613250 0.584040 0.000011 . 0.9930
MRHD 0.583610 0.442300 0.000141 . 0.9840
MRRY 0.797920 0.402980 0.001619 . 0.9800
PCWN 0.788070 0.408690 0.001552 . 0.9780
Schabe FARM 0.035775 70.03177 . . 0.9794
HTFD 0.023656 51.31303 . . 0.9797
MRHD 0.012949 201.3083 . . 0.9894
MRRY 0.010466 134.8708 . . 0.9738
PCWN 0.015008 105.8525 . . 0.9880
Slymen FARM 0.000000 0.760042 1.339643 . 0.8942
HTFD 0.000006 0.083560 1.378983 . 0.9635
MRHD 0.000001 0.638872 1.335482 . 0.9619
MRRY 0.000007 0.839983 1.316308 . 0.9736
PCWN 0.000009 0.736867 1.350399 . 0.9704
XieandLai FARM 0.016000 83.10800 0.272000 0.549000 0.9950
HTFD 0.010000 0.315000 0.072000 0.292000 0.9830
MRHD 0.016000 0.445000 0.138000 0.453000 0.9840
MRRY 0.008000 1.719000 0.566000 0.411000 0.9800
PCWN 0.035000 0.366000 0.115000 0.365000 0.9670
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Table 5.16: Model fits using 1.8 mps threshold: Low-energy
gap times Apr 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.001600 0.611850 0.502055 . 0.9783
HTFD 0.000061 0.199360 0.444900 . 0.9878
MRHD 0.000137 0.627901 0.549094 . 0.9947
MRRY 0.000062 0.493113 0.626039 . 0.9914
PCWN 0.000990 0.644978 0.685567 . 0.9960
LaiXieMur FARM 0.557310 0.427810 0.009629 . 0.9740
HTFD 0.650220 0.557950 0.000000 . 0.9780
MRHD 0.742570 0.356160 0.001501 . 0.9900
MRRY 0.608000 0.539200 0.000000 . 0.6500
PCWN 0.764210 0.421360 0.004734 . 0.9970
Schabe FARM 0.051753 57.22700 . . 0.9867
HTFD 0.018384 60.98788 . . 0.9632
MRHD 0.012011 210.0113 . . 0.9896
MRRY 0.005606 202.9243 . . 0.9878
PCWN 0.017833 76.54194 . . 0.9884
Slymen FARM 0.000000 0.756823 1.339630 . 0.8627
HTFD 0.000055 0.837432 1.371086 . 0.9434
MRHD 0.000002 0.637104 1.335820 . 0.9794
MRRY 0.000031 1.065130 1.252023 . 0.9665
PCWN 0.000030 0.758089 1.373800 . 0.9897
XieandLai FARM 0.019000 56.20600 0.247000 0.577000 0.9950
HTFD 0.001000 1.507000 0.112000 0.329000 0.9880
MRHD 0.006000 3.204000 0.392000 0.392000 0.9920
MRRY 0.080000 0.385000 0.214000 0.382000 0.9810
PCWN 0.042000 0.431000 0.115000 0.431000 0.9790
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Table 5.17: Model fits using 1.8 mps threshold: Low-energy
gap times May 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000000 0.174961 0.348670 . 0.9864
HTFD 0.002609 0.289460 0.447870 . 0.9910
MRHD 0.000111 0.297506 0.326628 . 0.9942
MRRY 0.000082 0.538042 0.584259 . 0.9804
PCWN 0.000089 0.314174 0.418513 . 0.9939
LaiXieMur FARM 0.608330 0.539040 0.000000 . 0.8720
HTFD 0.513960 0.608380 0.004964 . 0.9900
MRHD 0.578530 0.420630 0.000980 . 0.9940
MRRY 0.731070 0.422550 0.000445 . 0.9510
PCWN 0.608000 0.539200 0.000000 . 0.3580
Schabe FARM 0.006620 187.9212 . . 0.9220
HTFD 0.037192 40.52694 . . 0.9848
MRHD 0.011932 229.5098 . . 0.9857
MRRY 0.007887 210.4568 . . 0.9828
PCWN 0.007983 198.6718 . . 0.9871
Slymen FARM 0.000009 0.897342 1.299930 . 0.9001
HTFD 0.000002 0.837835 1.386376 . 0.9439
MRHD 0.000000 0.632731 1.334424 . 0.9693
MRRY 0.000001 0.878282 1.278094 . 0.9540
PCWN 0.000002 0.795670 1.309287 . 0.9720
XieandLai FARM 0.068000 0.468000 0.157000 0.458000 0.9590
HTFD 0.002000 4.555000 0.222000 0.371000 0.9960
MRHD 0.004000 2.778000 0.259000 0.447000 0.9950
MRRY 0.092000 0.386000 0.109000 0.385000 0.9670
PCWN 0.161000 0.431000 0.219000 0.432000 0.9540
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Table 5.18: Model fits using 1.8 mps threshold: Low-energy
gap times Jun 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000570 0.315235 0.401766 . 0.9833
HTFD 0.000370 0.247000 0.442850 . 0.9953
MRHD 0.000141 0.551904 0.461991 . 0.9906
MRRY 0.000123 0.356901 0.425559 . 0.9853
PCWN 0.000195 0.834975 0.667655 . 0.9956
LaiXieMur FARM 0.504330 0.498080 0.001852 . 0.9910
HTFD 0.621270 0.544040 0.000003 . 0.9920
MRHD 0.666130 0.362810 0.001677 . 0.9830
MRRY 0.644150 0.443800 0.000797 . 0.9820
PCWN 0.831370 0.316070 0.002576 . 0.9860
Schabe FARM 0.019847 93.41053 . . 0.9722
HTFD 0.013768 83.68717 . . 0.9727
MRHD 0.016718 198.6759 . . 0.9904
MRRY 0.011358 175.3238 . . 0.9871
PCWN 0.014182 177.8197 . . 0.9942
Slymen FARM 0.000012 0.770472 1.343309 . 0.9437
HTFD 0.000001 0.818852 1.358540 . 0.9701
MRHD 0.000001 0.622807 1.329982 . 0.9566
MRRY 0.000003 0.804141 1.300207 . 0.9636
PCWN 0.000002 0.678500 1.327986 . 0.9746
XieandLai FARM 0.011000 2.005000 0.309000 0.513000 0.9830
HTFD 0.003000 6.253000 0.190000 0.441000 0.9950
MRHD 0.006000 8.513000 0.283000 0.419000 0.9940
MRRY 0.045000 0.446000 0.121000 0.450000 0.9820
PCWN 0.050000 0.651000 0.422000 0.649000 0.9900
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Table 5.19: Model fits using 1.8 mps threshold: Low-energy
gap times Jul 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000349 0.242085 0.319137 . 0.9863
HTFD 0.000280 0.169109 0.375600 . 0.9972
MRHD 0.000165 1.100024 0.687888 . 0.9934
MRRY 0.000126 0.645998 0.578791 . 0.9881
PCWN 0.000063 0.749397 0.662557 . 0.9788
LaiXieMur FARM 0.607470 0.538990 0.000000 . 0.7340
HTFD 0.628100 0.549940 0.000017 . 0.9940
MRHD 0.806790 0.267020 0.003321 . 0.9840
MRRY 0.782580 0.351590 0.001290 . 0.9880
PCWN 0.855740 0.340280 0.000379 . 0.9630
Schabe FARM 0.016879 127.7809 . . 0.9642
HTFD 0.013684 80.40443 . . 0.9597
MRHD 0.019073 209.2548 . . 0.9773
MRRY 0.112114 209.9271 . . 0.9885
PCWN 0.007361 292.1143 . . 0.9746
Slymen FARM 0.000004 0.745381 1.330004 . 0.9315
HTFD 0.000033 0.824581 1.363070 . 0.9654
MRHD 0.000001 0.611545 1.324233 . 0.9417
MRRY 0.000001 0.790531 1.295034 . 0.9608
PCWN 0.000000 0.803995 1.277684 . 0.9552
XieandLai FARM 0.017000 1.175000 0.245000 0.448000 0.9910
HTFD 0.004000 23.34300 0.223000 0.430000 0.9930
MRHD 0.006000 3.711000 0.317000 0.367000 0.9930
MRRY 0.005000 0.251000 0.435000 0.391000 0.9880
PCWN 0.995000 0.662000 0.299000 0.663000 0.9850
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Table 5.20: Model fits using 1.8 mps threshold: Low-energy
gap times Aug 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000179 0.316914 0.426782 . 0.9955
HTFD 0.000463 0.166863 0.392594 . 0.9954
MRHD 0.000135 0.905702 0.624355 . 0.9780
MRRY 0.000170 0.657161 0.591484 . 0.9969
PCWN 0.000148 0.667666 0.564729 . 0.9960
LaiXieMur FARM 0.608000 0.539200 0.000000 . 0.7300
HTFD 0.619840 0.576400 0.000000 . 0.9940
MRHD 0.779890 0.297240 0.002337 . 0.9650
MRRY 0.797770 0.345310 0.001910 . 0.9900
PCWN 0.780570 0.332490 0.001993 . 0.9870
Schabe FARM 0.011662 140.3342 . . 0.9900
HTFD 0.017598 62.25436 . . 0.9604
MRHD 0.017408 213.8740 . . 0.9649
MRRY 0.011656 190.0908 . . 0.9938
PCWN 0.012971 204.4731 . . 0.9929
Slymen FARM 0.000000 0.761802 1.331650 . 0.9653
HTFD 0.000005 0.834761 1.375690 . 0.9655
MRHD 0.000001 0.612562 1.324370 . 0.9416
MRRY 0.000001 0.794064 1.296565 . 0.9729
PCWN 0.000031 0.669870 1.323881 . 0.9733
XieandLai FARM 0.064000 0.471000 0.123000 0.470000 0.9880
HTFD 0.015000 0.408000 0.068000 0.408000 0.9930
MRHD 0.006000 33.40600 0.308000 0.389000 0.9890
MRRY 0.006000 4.134000 0.431000 0.993000 0.9940
PCWN 0.079000 0.636000 0.297000 0.662000 0.9920
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Table 5.21: Model fits using 1.8 mps threshold: Low-energy
gap times Sep 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000527 0.277180 0.350536 . 0.9939
HTFD 0.002529 0.331930 0.504220 . 0.9739
MRHD 0.000089 0.450498 0.370002 . 0.9814
MRRY 0.000082 0.542483 0.515290 . 0.9873
PCWN 0.000081 0.273175 0.361976 . 0.9901
LaiXieMur FARM 0.446780 0.521230 0.002970 . 0.9900
HTFD 0.577380 0.602230 0.003520 . 0.9700
MRHD 0.594840 0.369640 0.001225 . 0.9740
MRRY 0.748130 0.369930 0.000527 . 0.9730
PCWN 0.608000 0.539200 0.000000 . 0.0480
Schabe FARM 0.027556 96.28006 . . 0.9824
HTFD 0.037690 38.63345 . . 0.9775
MRHD 0.017578 245.3829 . . 0.9788
MRRY 0.009937 241.5500 . . 0.9890
PCWN 0.009724 199.1652 . . 0.9869
Slymen FARM 0.000001 0.742924 1.330010 . 0.8874
HTFD 0.000012 0.847093 1.388914 . 0.9397
MRHD 0.000005 0.601956 1.318953 . 0.9337
MRRY 0.000000 0.789784 1.294736 . 0.9329
PCWN 0.000006 0.710119 1.325800 . 0.9622
XieandLai FARM 0.011000 30.62800 0.198000 0.601000 0.9930
HTFD 0.024000 0.388000 0.090000 0.387000 0.9770
MRHD 0.005000 25.19200 0.225000 0.414000 0.9960
MRRY 0.020000 0.406000 0.160000 0.401000 0.9720
PCWN 0.544000 0.566000 0.026000 6.722000 0.9950
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Table 5.22: Model fits using 1.8 mps threshold: Low-energy
gap times Oct 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000527 0.277180 0.350536 . 0.9939
HTFD 0.004000 0.593853 0.690060 . 0.9828
MRHD 0.000127 0.552708 0.429908 . 0.9950
MRRY 0.000441 0.836323 0.709774 . 0.9924
PCWN 0.000080 0.909321 0.778874 . 0.9833
LaiXieMur FARM 0.510030 0.503590 0.002534 . 0.9960
HTFD 0.666990 0.518380 0.009507 . 0.9780
MRHD 0.653830 0.354460 0.001834 . 0.9890
MRRY 0.818440 0.340670 0.004039 . 0.9840
PCWN 0.923570 0.323400 0.000679 . 0.9640
Schabe FARM 0.021121 101.3631 . . 0.9799
HTFD 0.041926 33.29720 . . 0.9932
MRHD 0.016736 215.1321 . . 0.9932
MRRY 0.018025 115.4260 . . 0.9956
PCWN 0.007458 264.0099 . . 0.9771
Slymen FARM 0.000000 0.755272 1.336411 . 0.9320
HTFD 0.000001 0.856189 1.396922 . 0.9539
MRHD 0.000001 0.616059 1.326258 . 0.9553
MRRY 0.000001 0.819552 1.308935 . 0.9552
PCWN 0.000013 0.833969 1.275396 . 0.9589
XieandLai FARM 0.012000 1.747000 0.265000 0.512000 0.9960
HTFD 0.002000 224.3350 0.219000 0.346000 0.9890
MRHD 0.005000 7.530000 0.252000 0.424000 0.9960
MRRY 0.020000 0.407000 0.160000 0.400000 0.9720
PCWN 0.125000 0.442000 0.184000 0.442000 0.9690
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Table 5.23: Model fits using 1.8 mps threshold: Low-energy
gap times Nov 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000174 0.261265 0.328851 . 0.9967
HTFD 0.000009 0.096554 0.325641 . 0.9866
MRHD 0.000112 0.328891 0.300605 . 0.9857
MRRY 0.000106 0.539701 0.593192 . 0.9913
PCWN 0.000086 0.176393 0.283925 . 0.9866
LaiXieMur FARM 0.518910 0.490630 0.000293 . 0.9950
HTFD 0.540370 0.625380 0.000006 . 0.9810
MRHD 0.522810 0.407420 0.001250 . 0.9760
MRRY 0.801970 0.398550 0.000937 . 0.9840
PCWN 0.608000 0.539200 0.000000 . 0.3910
Schabe FARM 0.014965 158.6326 . . 0.9904
HTFD 0.027837 48.33017 . . 0.9592
MRHD 0.020790 209.6781 . . 0.9892
MRRY 0.007476 205.8205 . . 0.9906
PCWN 0.009227 200.8126 . . 0.9613
Slymen FARM 0.000000 0.740693 0.132881 . 0.9309
HTFD 0.000008 0.831620 1.380340 . 0.9336
MRHD 0.000001 0.606224 1.321281 . 0.9139
MRRY 0.000040 0.843793 1.293674 . 0.9731
PCWN 0.000006 0.701077 1.336745 . 0.9615
XieandLai FARM 0.002000 0.511000 0.211000 0.503000 0.9950
HTFD 0.002000 2.750000 0.224000 0.323000 0.9770
MRHD 0.005000 23.31900 0.195000 0.448000 0.9940
MRRY 0.092000 0.403000 0.110000 0.403000 0.9840
PCWN 0.058000 0.395000 0.156000 0.400000 0.0840
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Table 5.24: Model fits using 1.8 mps threshold: Low-energy
gap times Dec 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000000 0.157788 0.320700 . 0.9899
HTFD 0.003354 0.531029 0.563789 . 0.9942
MRHD 0.000232 0.398633 0.402069 . 0.9968
MRRY 0.000248 0.834342 0.724096 . 0.9951
PCWN 0.000337 0.401093 0.520729 . 0.9842
LaiXieMur FARM 0.608000 0.539200 0.000000 . 0.8820
HTFD 0.571390 0.517660 0.010369 . 0.9920
MRHD 0.607510 0.413810 0.001964 . 0.9930
MRRY 0.848380 0.341590 0.002274 . 0.9850
PCWN 0.692450 0.469060 0.000686 . 0.9870
Schabe FARM 0.009599 151.0328 . . 0.9497
HTFD 0.046792 38.96728 . . 0.9961
MRHD 0.016707 156.2949 . . 0.9938
MRRY 0.012801 154.0238 . . 0.9920
PCWN 0.011865 114.2475 . . 0.9775
Slymen FARM 0.000005 0.773289 1.334904 . 0.9203
HTFD 0.000001 0.816366 1.377671 . 0.9236
MRHD 0.000003 0.647922 1.344052 . 0.9621
MRRY 0.000005 0.806858 1.302215 . 0.9725
PCWN 0.000015 0.763873 1.350707 . 0.9759
XieandLai FARM 0.556000 0.485000 0.152000 0.486000 0.9740
HTFD 0.009000 0.294000 0.053000 0.297000 0.9900
MRHD 0.007000 3.991000 0.280000 0.461000 0.9950
MRRY 0.008000 4.230000 0.531000 0.390000 0.9910
PCWN 0.067000 0.372000 0.186000 0.374000 0.9590
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Table 5.25: Model fits using 1.8 mps threshold: High-energy
gap times Jan 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000011 1.276075 0.751092 . 0.9869
HTFD 0.000019 1.255700 0.667430 . 0.9623
MRHD 0.000040 0.207427 0.246490 . 0.9951
MRRY 0.000044 1.023970 0.740170 . 0.9942
PCWN 0.000002 0.523626 0.614151 . 0.9850
LaiXieMur FARM 0.845119 0.260141 0.000357 . 0.9625
HTFD 0.723223 0.276932 0.000457 . 0.9395
MRHD 0.524137 0.435165 0.000000 . 0.9871
MRRY 0.916299 0.277006 0.000994 . 0.9804
PCWN 0.971432 0.331653 0.000000 . 0.9333
Schabe FARM 0.000103 40016.07 . . 0.9258
HTFD 0.000063 78390.96 . . 0.9024
MRHD 0.011320 307.8396 . . 0.9951
MRRY 0.007043 421.9324 . . 0.9666
PCWN 0.001640 749.5381 . . 0.9803
Slymen FARM 0.000083 0.571647 1.281519 . 0.9479
HTFD 0.000006 0.547417 1.281134 . 0.9060
MRHD 0.000014 0.606373 1.319030 . 0.9326
MRRY 0.000017 0.654781 1.298626 . 0.9740
PCWN 0.000057 1.207060 1.189090 . 0.9340
XieandLai FARM 0.036000 0.303000 0.041000 0.302000 0.9580
HTFD 0.030000 0.319000 0.028000 0.319000 0.9370
MRHD 0.030000 0.442000 0.064000 0.445000 0.9870
MRRY 0.003000 3.013000 0.599000 0.311000 0.9860
PCWN 0.093000 0.301000 0.227000 0.302000 0.9450
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Table 5.26: Model fits using 1.8 mps threshold: High-energy
gap times Feb 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000005 0.649294 0.385879 . 0.9885
HTFD 0.000012 1.037411 0.527330 . 0.9921
MRHD 0.000014 0.384184 0.379541 . 0.9935
MRRY 0.000043 1.089337 0.770937 . 0.9890
PCWN 0.000018 0.284727 0.371302 . 0.9917
LaiXieMur FARM 0.627066 0.291876 0.000202 . 0.9813
HTFD 0.714991 0.243092 0.000738 . 0.9775
MRHD 0.752559 0.345456 0.000001 . 0.9811
MRRY 0.886967 0.287592 0.000832 . 0.9796
PCWN 0.832964 0.364924 0.000000 . 0.9768
Schabe FARM 0.000239 29556.75 . . 0.9282
HTFD 0.000583 12226.84 . . 0.8951
MRHD 0.004758 602.4945 . . 0.9926
MRRY 0.007012 428.3041 . . 0.9630
PCWN 0.005053 361.5267 . . 0.9851
Slymen FARM 0.000000 0.487978 1.290000 . 0.9379
HTFD 0.000002 0.529058 1.272932 . 0.9152
MRHD 0.000023 0.691981 1.280679 . 0.9485
MRRY 0.000111 0.660172 1.295888 . 0.9739
PCWN 0.000002 0.856646 1.268921 . 0.9464
XieandLai FARM 0.001000 1.060000 2.048000 0.287000 0.9800
HTFD 0.002000 2.630000 0.219000 0.283000 0.9830
MRHD 0.028000 0.355000 0.099000 0.353000 0.9820
MRRY 0.003000 24.98200 0.500000 0.331000 0.9890
PCWN 0.050000 0.382000 0.127000 0.384000 0.9790
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Table 5.27: Model fits using 1.8 mps threshold: High-energy
gap times Mar 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000016 0.789204 0.415492 . 0.9945
HTFD 0.000010 0.328030 0.230600 . 0.9913
MRHD 0.000057 0.459400 0.446155 . 0.9916
MRRY 0.000043 0.994836 0.736153 . 0.9845
PCWN 0.000004 0.207801 0.285359 . 0.9879
LaiXieMur FARM 0.642736 0.264335 0.000815 . 0.9811
HTFD 0.502445 0.337669 0.000379 . 0.9944
MRHD 0.690998 0.383360 0.000275 . 0.9842
MRRY 0.926778 0.279000 0.000903 . 0.9616
PCWN 0.843040 0.343192 0.000001 . 0.9669
Schabe FARM 0.006783 1226.272 . . 0.9260
HTFD 0.009472 911.8846 . . 0.9665
MRHD 0.008784 294.8480 . . 0.9915
MRRY 0.006512 428.7100 . . 0.9604
PCWN 0.003747 580.7254 . . 0.9772
Slymen FARM 0.000000 0.528662 1.273780 . 0.8900
HTFD 0.000002 0.532185 1.275718 . 0.8952
MRHD 0.000012 0.646006 1.318951 . 0.9664
MRRY 0.000002 0.686778 1.297773 . 0.9534
PCWN 0.000005 0.844048 1.256449 . 0.9217
XieandLai FARM 0.002000 4.630000 0.152000 0.321000 0.9930
HTFD 0.001000 2.770000 0.124000 0.363000 0.9950
MRHD 0.032000 0.400000 0.105000 0.404000 0.9840
MRRY 0.003000 3.828000 0.644000 0.310000 0.9710
PCWN 0.037000 0.371000 0.119000 0.371000 0.9720
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Table 5.28: Model fits using 1.8 mps threshold: High-energy
gap times Apr 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000003 0.850489 0.602928 . 0.9818
HTFD 0.000004 0.472635 0.360830 . 0.9847
MRHD 0.000374 0.341224 0.981738 . 0.9966
MRRY 0.000013 0.402321 0.472407 . 0.9931
PCWN 0.000022 0.235189 0.375353 . 0.9968
LaiXieMur FARM 0.851856 0.278716 0.000067 . 0.9753
HTFD 0.666926 0.318150 0.000472 . 0.9863
MRHD 0.570672 0.449653 0.002509 . 0.9944
MRRY 0.944299 0.334951 0.000000 . 0.9827
PCWN 0.876640 0.385857 0.000000 . 0.9792
Schabe FARM 0.000101 35399.63 . . 0.9388
HTFD 0.002651 1899.480 . . 0.9611
MRHD 0.019124 120.7932 . . 0.9923
MRRY 0.003265 503.2635 . . 0.9909
PCWN 0.005391 248.8387 . . 0.9753
Slymen FARM 0.000029 0.723262 0.124071 . 0.9600
HTFD 0.000001 0.564944 1.280803 . 0.9545
MRHD 0.000011 0.652860 1.361864 . 0.9644
MRRY 0.000040 0.981519 1.237748 . 0.9598
PCWN 0.000005 0.950701 1.297978 . 0.9493
XieandLai FARM 0.028000 0.290000 0.072000 0.289000 0.9750
HTFD 0.011000 0.324000 0.069000 0.328000 0.9860
MRHD 0.009000 7.422000 0.260000 0.516000 0.9980
MRRY 0.054000 0.350000 0.157000 0.353000 0.9850
PCWN 0.063000 0.409000 0.161000 0.411000 0.9820
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Table 5.29: Model fits using 1.8 mps threshold: High-energy
gap times May 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000014 0.601900 0.482206 . 0.9953
HTFD 0.000010 0.225505 0.218935 . 0.9838
MRHD 0.000126 0.634722 0.642814 . 0.9904
MRRY 0.000031 0.211737 0.417307 . 0.9909
PCWN 0.000165 0.267124 0.449400 . 0.9902
LaiXieMur FARM 0.754886 0.322739 0.000150 . 0.9869
HTFD 0.506061 0.393965 0.000003 . 0.9906
MRHD 0.809117 0.388523 0.000222 . 0.9778
MRRY 0.739845 0.498847 0.000000 . 0.9506
PCWN 0.759422 0.466208 0.000011 . 0.9852
Schabe FARM 0.004437 777.4367 . . 0.9800
HTFD 0.007162 720.6550 . . 0.9839
MRHD 0.009191 185.2916 . . 0.9918
MRRY 0.005988 154.8054 . . 0.9497
PCWN 0.008291 127.3338 . . 0.9656
Slymen FARM 0.000003 0.651001 1.280693 . 0.9686
HTFD 0.000006 0.569983 1.293474 . 0.9370
MRHD 0.000000 0.816976 1.297893 . 0.9677
MRRY 0.000028 1.135380 1.281071 . 0.9561
PCWN 0.000032 0.905726 1.314803 . 0.9641
XieandLai FARM 0.039000 0.341000 0.060000 0.339000 0.9860
HTFD 0.014000 0.399000 0.053000 0.398000 0.9910
MRHD 0.878000 0.399000 0.107000 0.399000 0.9780
MRRY 0.110000 0.452000 0.169000 0.454000 0.9840
PCWN 0.080000 0.475000 0.172000 0.477000 0.9860
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Table 5.30: Model fits using 1.8 mps threshold: High-energy
gap times Jun 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000000 0.304740 0.330175 . 0.9890
HTFD 0.000010 0.330249 0.300070 . 0.9876
MRHD 0.000922 0.218217 0.366546 . 0.9922
MRRY 0.000000 0.444303 0.803268 . 0.9853
PCWN 0.001370 0.241032 0.438543 . 0.9917
LaiXieMur FARM 0.844097 0.305740 0.000000 . 0.9476
HTFD 0.597158 0.367102 0.000248 . 0.9931
MRHD 0.493396 0.588096 0.001726 . 0.9929
MRRY 1.151911 0.417462 0.000000 . 0.9493
PCWN 0.557696 0.595890 0.002101 . 0.9937
Schabe FARM 0.000964 2777.316 . . 0.9886
HTFD 0.005493 755.4040 . . 0.9843
MRHD 0.021832 68.41441 . . 0.9711
MRRY 0.004946 107.1538 . . 0.9346
PCWN 0.017752 58.88921 . . 0.9522
Slymen FARM 0.000002 0.875539 1.218507 . 0.8972
HTFD 0.000053 0.584998 1.294713 . 0.9612
MRHD 0.000003 0.692198 1.407451 . 0.9679
MRRY 0.000001 1.489525 1.219891 . 0.9474
PCWN 0.000031 0.739597 1.418098 . 0.9785
XieandLai FARM 0.032000 0.301000 0.109000 0.301000 0.9480
HTFD 0.015000 0.367000 0.073000 0.372000 0.9930
MRHD 0.011000 2.170000 0.301000 0.600000 0.9930
MRRY 0.262000 0.414000 0.250000 0.415000 0.9520
PCWN 0.362000 0.562000 0.025000 1.214000 0.9940
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Table 5.31: Model fits using 1.8 mps threshold: High-energy
gap times Jul 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000112 0.300050 0.370850 . 0.9968
HTFD 0.000074 0.207058 0.276453 . 0.9909
MRHD 0.000095 0.214964 0.444978 . 0.9913
MRRY 0.003837 0.346841 0.709416 . 0.9946
PCWN 0.002518 0.325526 0.660550 . 0.9958
LaiXieMur FARM 0.599187 0.455757 0.000880 . 0.9914
HTFD 0.510572 0.477093 0.000014 . 0.9913
MRHD 0.714644 0.526003 0.000000 . 0.9701
MRRY 0.741776 0.639730 0.000078 . 0.9927
PCWN 0.655117 0.628350 0.000111 . 0.9957
Schabe FARM 0.011010 190.6458 . . 0.9941
HTFD 0.011622 220.4021 . . 0.9861
MRHD 0.010631 91.15768 . . 0.9618
MRRY 0.025432 27.78653 . . 0.9806
PCWN 0.024237 36.29641 . . 0.9747
Slymen FARM 0.000021 0.656319 1.342744 . 0.9695
HTFD 0.000041 0.637204 1.336356 . 0.9611
MRHD 0.000047 0.945851 1.322712 . 0.9572
MRRY 0.000009 0.967086 1.418730 . 0.9844
PCWN 0.000004 0.805432 1.441194 . 0.9817
XieandLai FARM 0.011000 0.458000 0.189000 0.461000 0.9910
HTFD 0.020000 0.471000 0.117000 0.472000 0.9910
MRHD 0.083000 0.491000 0.218000 0.494000 0.9830
MRRY 0.111000 0.641000 0.331000 0.643000 0.9930
PCWN 0.100000 0.620000 0.248000 0.635000 0.9960
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Table 5.32: Model fits using 1.8 mps threshold: High-energy
gap times Aug 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000224 0.610320 0.617850 . 0.9954
HTFD 0.000220 0.463630 0.413930 . 0.9952
MRHD 0.000455 0.570154 0.682197 . 0.9953
MRRY 0.000298 0.201822 0.489769 . 0.9960
PCWN 0.000000 0.396684 0.724041 . 0.9847
LaiXieMur FARM 0.795682 0.383014 0.001419 . 0.9849
HTFD 0.634201 0.373020 0.002673 . 0.9866
MRHD 0.799931 0.440849 0.001000 . 0.9876
MRRY 0.460241 0.730235 0.001241 . 0.7807
PCWN 1.061509 0.426486 0.000001 . 0.9621
Schabe FARM 0.011547 150.1191 . . 0.9965
HTFD 0.017592 172.4166 . . 0.9905
MRHD 0.012166 97.64684 . . 0.9924
MRRY 0.010816 65.27428 . . 0.9466
PCWN 0.006983 90.25246 . . 0.9573
Slymen FARM 0.000002 0.713278 1.339338 . 0.9767
HTFD 0.000008 0.630083 1.340222 . 0.9489
MRHD 0.000011 0.836239 1.338360 . 0.9799
MRRY 0.000036 1.015103 1.338824 . 0.9714
PCWN 0.000010 1.366510 1.239071 . 0.9571
XieandLai FARM 0.007000 7.700000 0.508000 0.414000 0.9910
HTFD 0.007000 3.693000 0.264000 0.441000 0.9920
MRHD 0.083000 0.464000 0.175000 0.474000 0.9870
MRRY 0.107000 0.553000 0.244000 0.542000 0.9910
PCWN 0.228000 0.422000 0.233000 0.423000 0.9620
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Table 5.33: Model fits using 1.8 mps threshold: High-energy
gap times Sep 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000004 0.246566 0.328149 . 0.9912
HTFD 0.000004 0.309748 0.332067 . 0.9730
MRHD 0.000799 0.760537 0.711595 . 0.9894
MRRY 0.000001 0.200336 0.409116 . 0.9876
PCWN 0.000416 0.230195 0.479209 . 0.9968
LaiXieMur FARM 0.873103 0.339134 0.000002 . 0.9682
HTFD 0.815718 0.325219 0.000001 . 0.9750
MRHD 0.763115 0.039430 0.004649 . 0.9837
MRRY 0.995719 0.388694 0.000003 . 0.9651
PCWN 0.540448 0.664701 0.000578 . 0.8015
Schabe FARM 0.003286 600.7478 . . 0.9815
HTFD 0.002604 1060.102 . . 0.9749
MRHD 0.020995 82.32344 . . 0.9887
MRRY 0.004734 196.5244 . . 0.9460
PCWN 0.010757 75.73158 . . 0.9559
Slymen FARM 0.000005 0.880033 1.249926 . 0.9267
HTFD 0.000006 0.808071 1.246001 . 0.9340
MRHD 0.000004 0.677536 1.384663 . 0.9755
MRRY 0.000001 1.109696 1.257424 . 0.9384
PCWN 0.000005 0.938223 1.345386 . 0.9764
XieandLai FARM 0.042000 0.361000 0.131000 0.360000 0.9710
HTFD 0.029000 0.344000 0.013000 0.342000 0.9780
MRHD 0.134000 4.375000 0.457000 0.460000 0.9870
MRRY 0.084000 0.425000 0.221000 0.424000 0.9710
PCWN 0.085000 0.540000 0.228000 0.539000 0.9960
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Table 5.34: Model fits using 1.8 mps threshold: High-energy
gap times Oct 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000004 0.387649 0.396404 . 0.9885
HTFD 0.000010 0.328033 0.302120 . 0.9945
MRHD 0.000069 0.431947 0.489718 . 0.9934
MRRY 0.000199 0.332077 0.553563 . 0.9965
PCWN 0.000081 0.237400 0.466219 . 0.9946
LaiXieMur FARM 0.850086 0.318796 0.000000 . 0.9823
HTFD 0.605093 0.367337 0.000006 . 0.9920
MRHD 0.750199 0.402072 0.000007 . 0.9916
MRRY 0.780524 0.487357 0.000001 . 0.9859
PCWN 0.859529 0.454215 0.000001 . 0.9841
Schabe FARM 0.002369 1066.754 . . 0.9893
HTFD 0.005434 757.9721 . . 0.9912
MRHD 0.007272 244.3518 . . 0.9927
MRRY 0.008782 99.27243 . . 0.9735
PCWN 0.006632 124.7938 . . 0.9529
Slymen FARM 0.000022 0.832148 1.241799 . 0.9483
HTFD 0.000032 0.588762 1.294679 . 0.9580
MRHD 0.000009 0.776878 1.301670 . 0.9720
MRRY 0.000014 1.019078 1.302032 . 0.9707
PCWN 0.000047 1.062936 1.287355 . 0.9615
XieandLai FARM 0.033000 0.330000 0.112000 0.328000 0.9830
HTFD 0.019000 0.368000 0.068000 0.368000 0.9920
MRHD 0.065000 0.406000 0.111000 0.406000 0.9920
MRRY 0.109000 0.465000 0.206000 0.470000 0.9870
PCWN 0.100000 0.465000 0.209000 0.468000 0.4680
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Table 5.35: Model fits using 1.8 mps threshold: High-energy
gap times Nov 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000014 0.494255 0.351047 . 0.9950
HTFD 0.000002 0.371470 0.311261 . 0.9888
MRHD 0.000022 0.696354 0.648703 . 0.9857
MRRY 0.000042 0.393100 0.491421 . 0.9837
PCWN 0.000128 0.215880 0.404052 . 0.9927
LaiXieMur FARM 0.610023 0.327379 0.000322 . 0.9858
HTFD 0.670500 0.321735 0.000000 . 0.9877
MRHD 0.914346 0.326478 0.000001 . 0.9627
MRRY 0.843418 0.384340 0.000003 . 0.9834
PCWN 0.716488 0.485512 0.000001 . 0.9827
Schabe FARM 0.006136 908.5671 . . 0.9687
HTFD 0.001715 2671.440 . . 0.9760
MRHD 0.003182 580.7126 . . 0.9815
MRRY 0.004928 291.4253 . . 0.9782
PCWN 0.009797 113.6262 . . 0.9686
Slymen FARM 0.000016 0.557667 1.286963 . 0.9438
HTFD 0.000003 0.577642 1.274350 . 0.9353
MRHD 0.000012 0.913502 1.242000 . 0.9482
MRRY 0.000031 0.928228 1.268417 . 0.9651
PCWN 0.000043 0.882375 1.322983 . 0.9565
XieandLai FARM 0.002000 7.715000 0.211000 0.345000 0.9920
HTFD 0.014000 0.320000 0.065000 0.323000 0.9810
MRHD 0.050000 0.325000 0.151000 0.327000 0.9630
MRRY 0.075000 0.392000 0.135000 0.392000 0.9840
PCWN 0.991000 0.482000 0.143000 0.486000 0.9830
79
Table 5.36: Model fits using 1.8 mps threshold: High-energy
gap times Dec 2008
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000005 1.302900 0.699115 . 0.9823
HTFD 0.000004 1.725650 0.802711 . 0.9853
MRHD 0.000024 0.306696 0.317151 . 0.9919
MRRY 0.000011 0.656576 0.514567 . 0.9768
PCWN 0.000015 0.605270 0.585426 . 0.9922
LaiXieMur FARM 0.820995 0.243309 0.000260 . 0.9531
HTFD 0.816374 0.224308 0.000297 . 0.9625
MRHD 0.811839 0.299650 0.000285 . 0.9775
MRRY 0.811839 0.299650 0.000285 . 0.9945
PCWN 0.912020 0.342073 0.000001 . 0.9718
Schabe FARM 0.000028 201310.2 . . 0.8903
HTFD 0.000026 277864.6 . . 0.8496
MRHD 0.006816 465.9625 . . 0.9906
MRRY 0.004045 870.4305 . . 0.9546
PCWN 0.003146 613.1623 . . 0.9897
Slymen FARM 0.000016 0.535423 1.270918 . 0.9348
HTFD 0.000001 0.515413 1.264506 . 0.9427
MRHD 0.000033 0.611386 1.311249 . 0.9675
MRRY 0.000026 0.663842 1.275441 . 0.9679
PCWN 0.000007 0.926970 1.235788 . 0.9554
XieandLai FARM 0.013000 0.284000 0.053000 0.284000 0.9480
HTFD 0.348000 0.249000 0.001000 9.364000 0.9860
MRHD 0.004000 0.400000 0.160000 0.400000 0.9920
MRRY 0.002000 1.581000 0.490000 0.304000 0.9780
PCWN 0.049000 0.323000 0.147000 0.325000 0.9720
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Table 5.37: Model fits using 1.8 mps threshold: High-energy
gap times Jan 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000005 0.754654 0.423937 . 0.9928
HTFD 0.000009 1.023810 0.529370 . 0.9576
MRHD 0.000077 0.634106 0.500110 . 0.9961
MRRY 0.000021 0.290321 0.314016 . 0.9820
PCWN 0.000019 0.262890 0.399661 . 0.9964
LaiXieMur FARM 0.688733 0.263174 0.000350 . 0.9825
HTFD 0.696587 0.262191 0.000394 . 0.9278
MRHD 0.709223 0.338293 0.001156 . 0.9884
MRRY 0.580495 0.409868 0.000000 . 0.9831
PCWN 0.911353 0.372462 0.000001 . 0.9721
Schabe FARM 0.000047 152419.7 . . 0.9108
HTFD 0.000050 132714.1 . . 0.8884
MRHD 0.011957 285.4851 . . 0.9867
MRRY 0.006274 474.2767 . . 0.9813
PCWN 0.004646 283.0056 . . 0.9763
Slymen FARM 0.000001 0.523545 1.296470 . 0.9381
HTFD 0.000002 0.526257 1.270348 . 0.8824
MRHD 0.000001 0.609172 1.320145 . 0.9704
MRRY 0.000016 0.619992 1.311659 . 0.9501
PCWN 0.000005 0.980018 1.251825 . 0.9452
XieandLai FARM 0.001000 2.551000 0.221000 0.287000 0.9860
HTFD 0.004000 0.314000 0.062000 0.314000 0.9230
MRHD 0.004000 4.934000 0.317000 0.380000 0.9940
MRRY 0.025000 0.401000 0.088000 0.401000 0.9840
PCWN 0.066000 0.394000 0.165000 0.395000 0.9750
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Table 5.38: Model fits using 1.8 mps threshold: High-energy
gap times Feb 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000004 1.618424 0.857377 . 0.9822
HTFD 0.000003 1.825100 0.824800 . 0.9818
MRHD 0.000015 0.152350 0.192457 . 0.9710
MRRY 0.000010 0.443706 0.376515 . 0.9899
PCWN 0.000006 0.395885 0.460698 . 0.9786
LaiXieMur FARM 0.881247 0.233748 0.000198 . 0.9568
HTFD 0.795362 0.226902 0.000227 . 0.9633
MRHD 0.494230 0.430131 0.000000 . 0.9789
MRRY 0.685958 0.335651 0.000128 . 0.9849
PCWN 0.924186 0.328747 0.000000 . 0.9510
Schabe FARM 0.000026 202494.9 . . 0.8553
HTFD 0.000024 347334.4 . . 0.8270
MRHD 0.008226 479.5911 . . 0.9675
MRRY 0.004597 847.2275 . . 0.9790
PCWN 0.003137 559.7184 . . 0.9760
Slymen FARM 0.000001 0.560335 1.260742 . 0.9429
HTFD 0.000000 0.507969 1.261384 . 0.9437
MRHD 0.000013 0.591863 1.310017 . 0.9119
MRRY 0.000000 0.598537 1.303850 . 0.9107
PCWN 0.000052 0.964242 0.123332 . 0.9273
XieandLai FARM 0.013000 0.266000 0.066000 0.266000 0.9520
HTFD 0.322000 0.247000 0.001000 65.26000 0.9880
MRHD 0.017000 0.440000 0.066000 0.446000 0.9800
MRRY 0.012000 0.354000 0.962000 0.350000 0.9840
PCWN 0.053000 0.330000 0.156000 0.331000 0.9510
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Table 5.39: Model fits using 1.8 mps threshold: High-energy
gap times Mar 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000003 0.648091 0.455860 . 0.9954
HTFD 0.000002 0.633381 0.437048 . 0.9805
MRHD 0.000045 0.392073 0.417021 . 0.9832
MRRY 0.000010 0.530455 0.507930 . 0.9949
PCWN 0.000006 0.237401 0.304806 . 0.9854
LaiXieMur FARM 0.755831 0.290074 0.000203 . 0.9762
HTFD 0.722688 0.290955 0.000420 . 0.9839
MRHD 0.635301 0.414733 0.000002 . 0.9833
MRRY 0.893498 0.317734 0.000000 . 0.9812
PCWN 0.820607 0.344446 0.000000 . 0.9634
Schabe FARM 0.000075 59936.08 . . 0.9584
HTFD 0.000213 24255.36 . . 0.9321
MRHD 0.007773 303.6542 . . 0.9844
MRRY 0.003019 754.0663 . . 0.9927
PCWN 0.004592 510.6605 . . 0.9812
Slymen FARM 0.000059 0.602959 1.260729 . 0.9465
HTFD 0.000068 0.575502 1.264240 . 0.9563
MRHD 0.000032 0.690980 1.308345 . 0.9610
MRRY 0.000022 0.887828 1.236910 . 0.9601
PCWN 0.000004 0.791295 0.126598 . 0.9229
XieandLai FARM 0.015000 0.292000 0.069000 0.295000 0.9760
HTFD 0.010000 0.315000 0.072000 0.292000 0.9830
MRHD 0.037000 0.401000 0.107000 0.402000 0.9840
MRRY 0.041000 0.323000 0.128000 0.325000 0.9820
PCWN 0.035000 0.366000 0.115000 0.365000 0.9670
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Table 5.40: Model fits using 1.8 mps threshold: High-energy
gap times Apr 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000006 1.022712 0.569255 . 0.9843
HTFD 0.000004 0.371570 0.234634 . 0.9816
MRHD 0.000000 0.147270 0.228840 . 0.9725
MRRY 0.000003 0.237790 0.293940 . 0.9818
PCWN 0.000091 0.368790 0.419876 . 0.9918
LaiXieMur FARM 0.739443 0.266841 0.000203 . 0.9648
HTFD 0.488610 0.326726 0.000152 . 0.9880
MRHD 0.821552 0.343494 0.000000 . 0.9448
MRRY 0.848219 0.328156 0.000000 . 0.9717
PCWN 0.666997 0.420544 0.000189 . 0.9795
Schabe FARM 0.000056 107598.0 . . 0.9126
HTFD 0.003779 2710.405 . . 0.9376
MRHD 0.003441 686.7735 . . 0.9518
MRRY 0.002879 849.9035 . . 0.9776
PCWN 0.009144 224.4839 . . 0.9900
Slymen FARM 0.000004 0.533702 1.271959 . 0.9416
HTFD 0.000001 0.511535 1.264051 . 0.8879
MRHD 0.000003 0.800001 1.263121 . 0.8841
MRRY 0.000001 0.838143 1.247263 . 0.9282
PCWN 0.000029 0.679420 1.328944 . 0.9598
XieandLai FARM 0.020000 0.299000 0.032000 0.300000 0.9620
HTFD 0.001000 1.507000 0.112000 0.329000 0.9880
MRHD 0.033000 0.384000 0.107000 0.384000 0.9560
MRRY 0.033000 0.354000 0.111000 0.352000 0.9760
PCWN 0.042000 0.431000 0.115000 0.431000 0.9790
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Table 5.41: Model fits using 1.8 mps threshold: High-energy
gap times May 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000033 0.409108 0.396540 . 0.9964
HTFD 0.000024 0.438685 0.345180 . 0.9939
MRHD 0.000301 0.331981 0.475532 . 0.9944
MRRY 0.000000 0.596136 0.794029 . 0.9684
PCWN 0.000000 0.319225 0.599353 . 0.9861
LaiXieMur FARM 0.666738 0.379811 0.000955 . 0.9898
HTFD 0.625530 0.338430 0.000522 . 0.9943
MRHD 0.584730 0.527588 0.000000 . 0.9898
MRRY 1.200629 0.328761 0.000000 . 0.9176
PCWN 1.015196 0.418839 0.000001 . 0.9536
Schabe FARM 0.007334 395.1182 . . 0.9953
HTFD 0.009252 534.4209 . . 0.9815
MRHD 0.012488 107.7761 . . 0.9858
MRRY 0.001563 478.8973 . . 0.9334
PCWN 0.006154 116.6889 . . 0.9384
Slymen FARM 0.000022 0.631505 1.310971 . 0.9665
HTFD 0.000011 0.576583 1.299139 . 0.9649
MRHD 0.000041 0.760018 1.354664 . 0.9737
MRRY 0.000006 1.550662 1.168159 . 0.9056
PCWN 0.000072 1.248931 1.250964 . 0.9355
XieandLai FARM 0.028000 0.388000 0.095000 0.387000 0.9900
HTFD 0.002000 4.555000 0.222000 0.371000 0.9960
MRHD 0.074000 0.495000 0.145000 0.496000 0.9930
MRRY 0.159000 0.332000 0.291000 0.332000 0.9190
PCWN 0.162000 0.431000 0.219000 0.432000 0.9540
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Table 5.42: Model fits using 1.8 mps threshold: High-energy
gap times Jun 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000051 0.375753 0.398450 . 0.9951
HTFD 0.000060 0.290440 0.279645 . 0.9922
MRHD 0.000172 0.371602 0.583850 . 0.9793
MRRY 0.000213 0.333891 0.602361 . 0.9982
PCWN 0.003155 0.283790 0.647390 . 0.9935
LaiXieMur FARM 0.651737 0.406688 0.000231 . 0.9894
HTFD 0.522153 0.408495 0.000668 . 0.9930
MRHD 1.047335 0.374790 0.000001 . 0.9479
MRRY 0.815273 0.501879 0.000000 . 0.9851
PCWN 0.724135 0.644491 0.000001 . 0.9903
Schabe FARM 0.008321 297.4086 . . 0.9961
HTFD 0.013399 307.5912 . . 0.9906
MRHD 0.006431 148.2969 . . 0.9643
MRRY 0.008158 91.14864 . . 0.9710
PCWN 0.024514 31.04672 . . 0.9563
Slymen FARM 0.000003 0.657670 1.317485 . 0.9672
HTFD 0.000008 0.596785 1.316454 . 0.9439
MRHD 0.000077 1.128805 1.253049 . 0.9365
MRRY 0.000009 1.125880 1.287380 . 0.9788
PCWN 0.000020 0.957939 1.418756 . 0.9797
XieandLai FARM 0.036000 0.408000 0.101000 0.408000 0.9890
HTFD 0.003000 6.253000 0.190000 0.441000 0.9950
MRHD 0.101000 0.394000 0.239000 0.395000 0.9500
MRRY 0.126000 0.465000 0.237000 0.469000 0.9920
PCWN 0.050000 0.651000 0.422000 0.649000 0.9900
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Table 5.43: Model fits using 1.8 mps threshold: High-energy
gap times Jul 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.004498 0.349389 0.370421 . 0.9962
HTFD 0.000062 0.326002 0.316161 . 0.9947
MRHD 0.000115 0.193721 0.395035 . 0.9874
MRRY 0.000025 0.163194 0.449229 . 0.9956
PCWN 0.001019 0.146645 0.499996 . 0.9869
LaiXieMur FARM 0.638343 0.403825 0.000710 . 0.9900
HTFD 0.582029 0.390376 0.000759 . 0.9898
MRHD 0.699434 0.501684 0.000001 . 0.9833
MRRY 0.689334 0.570105 0.000000 . 0.9848
PCWN 49552054 0.764520 0.000001 . 0.9712
Schabe FARM 0.008076 326.1700 . . 0.9957
HTFD 0.012176 297.6886 . . 0.9934
MRHD 0.010643 104.5647 . . 0.9565
MRRY 0.008158 91.14864 . . 0.9710
PCWN 0.024514 31.04672 . . 0.9563
Slymen FARM 0.000065 0.638421 1.319243 . 0.9663
HTFD 0.000005 0.607991 1.319551 . 0.9588
MRHD 0.000008 0.858612 1.337354 . 0.9513
MRRY 0.000007 1.034195 1.329960 . 0.9623
PCWN 0.000002 0.906326 1.428450 . 0.9673
XieandLai FARM 0.032000 0.409000 0.097000 0.409000 0.9900
HTFD 0.004000 23.34300 0.223000 0.430000 0.9930
MRHD 0.168000 0.502000 0.086000 0.505000 0.9830
MRRY 0.108000 0.538000 0.241000 0.541000 0.9870
PCWN 0.099000 0.662000 0.299000 0.663000 0.9850
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Table 5.44: Model fits using 1.8 mps threshold: High-energy
gap times Aug 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000065 0.130073 0.209290 . 0.9878
HTFD 0.000015 0.223330 0.234134 . 0.9910
MRHD 0.000677 0.442929 0.599991 . 0.9835
MRRY 0.000493 0.258723 0.493637 . 0.9946
PCWN 0.003401 0.338164 0.634694 . 0.9949
LaiXieMur FARM 0.450672 0.507195 0.000006 . 0.9952
HTFD 0.522881 0.405285 0.000002 . 0.9933
MRHD 0.705290 0.507631 0.000088 . 0.9763
MRRY 0.526400 0.619610 0.000003 . 0.9760
PCWN 0.668399 0.631543 0.001593 . 0.9923
Schabe FARM 0.011186 236.4311 . . 0.9645
HTFD 0.007421 571.6796 . . 0.9912
MRHD 0.018489 68.61541 . . 0.9866
MRRY 0.012472 72.25783 . . 0.9688
PCWN 0.024284 32.73334 . . 0.9794
Slymen FARM 0.000006 0.629147 1.339431 . 0.9479
HTFD 0.000001 0.586746 1.302280 . 0.9495
MRHD 0.000031 0.767870 1.376421 . 0.9633
MRRY 0.000012 0.888582 1.355267 . 0.9747
PCWN 0.000053 0.846403 1.439242 . 0.9829
XieandLai FARM 0.037000 0.511000 0.700000 0.515000 0.9950
HTFD 0.015000 0.408000 0.068000 0.408000 0.9930
MRHD 0.081000 0.510000 0.185000 0.509000 0.9760
MRRY 0.080000 0.536000 0.222000 0.536000 0.9930
PCWN 0.079000 0.636000 0.297000 0.662000 0.9920
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Table 5.45: Model fits using 1.8 mps threshold: High-energy
gap times Sep 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000006 0.367001 0.452151 . 0.9961
HTFD 0.000002 0.146570 0.208231 . 0.9892
MRHD 0.000061 0.580816 0.712974 . 0.9911
MRRY 0.000000 0.556760 0.831558 . 0.9848
PCWN 0.002925 0.544200 0.722534 . 0.9952
LaiXieMur FARM 0.936866 0.334331 0.000000 . 0.9697
HTFD 0.732901 0.353773 0.000000 . 0.9700
MRHD 1.056096 0.353229 0.000001 . 0.9726
MRRY 1.253367 0.346397 0.000001 . 0.9364
PCWN 0.734307 0.519089 0.005834 . 0.9906
Schabe FARM 0.002808 568.4522 . . 0.9906
HTFD 0.003657 789.9048 . . 0.9741
MRHD 0.005472 195.1551 . . 0.9885
MRRY 0.002769 221.0920 . . 0.9482
PCWN 0.024912 39.61211 . . 0.9887
Slymen FARM 0.000005 1.015726 1.227941 . 0.9413
HTFD 0.000011 0.711094 1.276002 . 0.9051
MRHD 0.000012 1.118987 1.241947 . 0.9649
MRRY 0.000010 1.517342 1.190920 . 0.9390
PCWN 0.000041 0.770443 0.143488 . 0.9842
XieandLai FARM 0.058000 0.338000 0.166000 0.339000 0.9700
HTFD 0.024000 0.388000 0.090000 0.387000 0.9770
MRHD 0.103000 0.367000 0.213000 0.369000 0.9740
MRRY 0.219000 0.354000 0.295000 0.354000 0.9370
PCWN 0.544000 0.566000 0.026000 6.722000 0.9950
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Table 5.46: Model fits using 1.8 mps threshold: High-energy
gap times Oct 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000043 0.484161 0.436119 . 0.9942
HTFD 0.000010 0.417440 0.319734 . 0.9913
MRHD 0.000359 0.360025 0.405216 . 0.9913
MRRY 0.000000 0.222452 0.394750 . 0.9793
PCWN 0.000477 0.699800 0.826780 . 0.9804
LaiXieMur FARM 0.704047 0.354841 0.000559 . 0.9933
HTFD 0.617858 0.329754 0.000217 . 0.9833
MRHD 0.575023 0.461984 0.001857 . 0.9912
MRRY 0.988029 0.371788 0.000001 . 0.9486
PCWN 0.875028 0.440854 0.000259 . 0.9690
Schabe FARM 0.007994 375.5878 . . 0.9892
HTFD 0.005547 984.1389 . . 0.9707
MRHD 0.018886 118.6356 . . 0.9893
MRRY 0.004067 266.1274 . . 0.9355
PCWN 0.012405 85.11122 . . 0.9840
Slymen FARM 0.000010 0.616550 1.316481 . 0.9796
HTFD 0.000007 0.560129 1.286663 . 0.9496
MRHD 0.000000 0.651414 1.364140 . 0.9666
MRRY 0.000000 1.074889 1.251551 . 0.9163
PCWN 0.000022 0.989940 1.302257 . 0.9645
XieandLai FARM 0.003000 2.455000 0.353000 0.372000 0.9940
HTFD 0.002000 224.3340 0.219000 0.346000 0.9890
MRHD 0.009000 14.43600 0.277000 0.512000 0.9950
MRRY 0.073000 0.411000 0.195000 0.412000 0.9570
PCWN 0.125000 0.442000 0.184000 0.442000 0.9690
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Table 5.47: Model fits using 1.8 mps threshold: High-energy
gap times Nov 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000023 0.604544 0.472950 . 0.9888
HTFD 0.000011 0.534955 0.363761 . 0.9883
MRHD 0.000056 0.454398 0.546356 . 0.9951
MRRY 0.000067 0.281103 0.378706 . 0.9963
PCWN 0.000036 0.391447 0.507730 . 0.9806
LaiXieMur FARM 0.707436 0.333996 0.000319 . 0.9875
HTFD 0.650066 0.300975 0.000434 . 0.9744
MRHD 0.833614 0.391994 0.000000 . 0.9912
MRRY 0.701961 0.425395 0.000001 . 0.9933
PCWN 0.831693 0.388319 0.000011 . 0.9839
Schabe FARM 0.006551 563.1763 . . 0.9742
HTFD 0.005795 1052.589 . . 0.9482
MRHD 0.005806 245.7219 . . 0.9927
MRRY 0.007760 224.7571 . . 0.9888
PCWN 0.006753 228.2101 . . 0.9906
Slymen FARM 0.000002 0.596810 1.301914 . 0.9711
HTFD 0.000003 0.551634 1.283377 . 0.9343
MRHD 0.000003 0.912774 1.274605 . 0.9720
MRRY 0.000003 0.763286 1.311179 . 0.9676
PCWN 0.000041 0.891737 1.277940 . 0.9629
XieandLai FARM 0.002000 11.04800 0.328000 0.352000 0.9900
HTFD 0.002000 2.750000 0.224000 0.323000 0.9770
MRHD 0.086000 0.389000 0.129000 0.393000 0.9910
MRRY 0.059000 0.434000 0.111000 0.434000 0.9940
PCWN 0.058000 0.395000 0.156000 0.400000 0.9840
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Table 5.48: Model fits using 1.8 mps threshold: High-energy
gap times Dec 2009
Parameters
Model Site a b c d R-squared
Hjorth FARM 0.000001 0.664013 0.520214 . 0.9858
HTFD 0.000001 0.512736 0.351973 . 0.9918
MRHD 0.000060 0.379187 0.353584 . 0.9941
MRRY 0.000066 0.801400 0.604193 . 0.9957
PCWN 0.000036 0.391447 0.507734 . 0.9806
LaiXieMur FARM 0.902900 0.271123 0.000015 . 0.9496
HTFD 0.672772 0.294983 0.000001 . 0.9803
MRHD 0.611165 0.381832 0.000717 . 0.9945
MRRY 0.810135 0.304342 0.001238 . 0.9893
PCWN 0.944544 0.360825 0.000000 . 0.9580
Schabe FARM 0.000028 113519.9 . . 0.9642
HTFD 0.000060 100742.2 . . 0.9499
MRHD 0.011279 307.8413 . . 0.9918
MRRY 0.010129 319.2540 . . 0.9803
PCWN 0.005628 245.0239 . . 0.9770
Slymen FARM 0.000008 0.822099 1.213241 . 0.9209
HTFD 0.000004 0.531245 1.266793 . 0.9384
MRHD 0.000002 0.607199 1.320090 . 0.9692
MRRY 0.000005 0.635071 1.310178 . 0.9801
PCWN 0.000018 1.002004 1.252286 . 0.9408
XieandLai FARM 0.027000 0.268000 0.096000 0.268000 0.9500
HTFD 0.009000 0.294000 0.053000 0.297000 0.9800
MRHD 0.003000 6.103000 0.249000 0.415000 0.9960
MRRY 0.040000 0.795000 0.158000 0.579000 0.9910
PCWN 0.067000 0.372000 0.186000 0.374000 0.9590
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5.4 R-squared values for 2-year data
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Table 5.49: R-squared distribution from model fitting results: All 2-year data
R-squared All
MISSING < 0.85 0.85-0.90 0.90-0.95 0.95-1.00
N % N % N % N % N % N
type model
Low Hjorth 1 0.83 119 99.17 120
LaiXieMur 3 2.50 11 9.17 2 1.67 4 3.33 100 83.33 120
Schabe 9 7.50 111 92.50 120
Slymen 4 3.33 7 5.83 41 34.17 68 56.67 120
XieandLai 2 1.67 1 0.83 3 2.50 114 95.00 120
high Hjorth 120 100.00 120
LaiXieMur 2 1.67 11 9.17 107 89.17 120
Schabe 2 1.67 4 3.33 19 15.83 95 79.17 120
Slymen 6 5 00 48 40 00 66 55 00 120
XieandLai 1 0 83 9 7 50 110 91 67 120
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5.5 Analysis of variance results for 2-year data
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Table 5.51: Analysis of variance using the coefficients for Hjorth model
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.1987 0.0497 0.8481 0.5004
month 11 0.6020 0.0547 0.9344 0.5145
site*month 44 2.6113 0.0593 1.0132 0.4757
b site 4 1.8204 0.4551 5.8023 0.0005
month 11 0.5013 0.0456 0.5811 0.8367
site*month 44 2.0266 0.0461 0.5872 0.9669
c site 4 0.5073 0.1268 5.7035 0.0006
month 11 0.1803 0.0164 0.7370 0.6990
site*month 44 0.6205 0.0141 0.6341 0.9424
high a site 4 0.0000 0.0000 2.7358 0.0369
month 11 0.0000 0.0000 2.9104 0.0039
site*month 44 0.0000 0.0000 0.8730 0.6791
b site 4 1.4199 0.3550 6.0718 0.0004
month 11 3.3429 0.3039 5.1982 0.0000
site*month 44 3.9510 0.0898 1.5360 0.0609
c site 4 0.3727 0.0932 3.6765 0.0096
month 11 0.1347 0.0122 0.4831 0.9066
site*month 44 1.3689 0.0311 1.2277 0.2281
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Table 5.53: Analysis of variance using the coefficients for Lai Xie Murthy model
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.7755 0.1939 14.3489 0.0000
month 11 0.0830 0.0075 0.5588 0.8536
site*month 44 0.4055 0.0092 0.6821 0.9057
b site 4 0.4590 0.1148 13.4691 0.0000
month 11 0.1306 0.0119 1.3940 0.2010
site*month 44 0.2596 0.0059 0.6926 0.8965
c site 4 0.0014 0.0003 0.8898 0.4760
month 11 0.0039 0.0004 0.9247 0.5237
site*month 44 0.0151 0.0003 0.9035 0.6342
high a site 4 8.18E13 2.05E13 1.0000 0.4147
month 11 2.25E14 2.05E13 1.0000 0.4573
site*month 44 9E14 2.05E13 1.0000 0.4942
b site 4 0.3226 0.0807 20.7928 0.0000
month 11 0.6506 0.0591 15.2463 0.0000
site*month 44 0.2967 0.0067 1.7382 0.0233
c site 4 0.0000 0.0000 0.5994 0.6645
month 11 0.0000 0.0000 1.0882 0.3861
site*month 44 0.0000 0.0000 0.8188 0.7550
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Table 5.55: Analysis of variance using the coefficients for Schabe model
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.0045 0.0011 7.0091 0.0001
month 11 0.0012 0.0001 0.6592 0.7704
site*month 44 0.0084 0.0002 1.1905 0.2627
b site 4 1.796E8 4.489E7 1.0100 0.4095
month 11 5.071E8 4.61E7 1.0374 0.4262
site*month 44 1.926E9 4.378E7 0.9851 0.5154
high a site 4 0.0009 0.0002 10.8654 0.0000
month 11 0.0015 0.0001 6.8738 0.0000
site*month 44 0.0009 0.0000 1.0503 0.4251
b site 4 4.66E10 1.16E10 6.7772 0.0001
month 11 7.13E10 6.484E9 3.7752 0.0004
site*month 44 1.16E11 2.638E9 1.5360 0.0609
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Table 5.57: Analysis of variance using the coefficients for Slymen model
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.0521 0.0130 0.7510 0.5613
month 11 0.1733 0.0158 0.9092 0.5373
site*month 44 0.7798 0.0177 1.0226 0.4626
b site 4 0.6187 0.1547 7.3673 0.0001
month 11 0.5416 0.0492 2.3453 0.0177
site*month 44 0.7825 0.0178 0.8471 0.7160
c site 4 0.1146 0.0286 1.1382 0.3473
month 11 0.3753 0.0341 1.3561 0.2176
site*month 44 1.1131 0.0253 1.0054 0.4867
high a site 4 0.0000 0.0000 1.1292 0.3513
month 11 0.0000 0.0000 0.3277 0.9765
site*month 44 0.0000 0.0000 0.7679 0.8197
b site 4 2.6160 0.6540 40.5280 0.0000
month 11 1.0716 0.0974 6.0370 0.0000
site*month 44 1.4171 0.0322 1.9959 0.0065
c site 4 0.3380 0.0845 1.8328 0.1343
month 11 0.6004 0.0546 1.1836 0.3177
site*month 44 1.8554 0.0422 0.9145 0.6185
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Table 5.59: Analysis of variance using the coefficients for Xie and Lai model
Type Parameter Source Df SS MS F-value Pr>F
Low a site 4 0.3587 0.0897 2.7424 0.0366
month 11 0.2377 0.0216 0.6611 0.7688
site*month 44 1.4045 0.0319 0.9763 0.5281
b site 4 1206.86 301.716 0.4797 0.7505
month 11 5718.46 519.860 0.8265 0.6143
site*month 44 26721.6 607.310 0.9656 0.5437
c site 4 2.1616 0.5404 1.7854 0.1436
month 11 3.5226 0.3202 1.0580 0.4096
site*month 44 16.8295 0.3825 1.2637 0.1982
d site 4 462.639 115.660 2.5677 0.0470
month 11 393.539 35.7763 0.7942 0.6449
site*month 44 1671.58 37.9904 0.8434 0.7212
high a site 4 0.2441 0.0610 3.4101 0.0141
month 11 0.2218 0.0202 1.1270 0.3571
site*month 44 0.7508 0.0171 0.9537 0.5609
b site 4 1972.48 493.121 1.1423 0.3454
month 11 4832.99 439.363 1.0178 0.4423
site*month 44 18081.2 410.937 0.9519 0.5635
c site 4 0.4719 0.1180 2.5285 0.0498
month 11 0.7183 0.0653 1.3997 0.1968
site*month 44 1.9611 0.0446 0.9553 0.5586
d site 4 169.884 42.4710 1.1735 0.3316
month 11 370.218 33.6562 0.9299 0.5185
site*month 44 1562.09 35.5021 0.9809 0.5215
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5.6 Mean Coefficients by site for 2-year data
Figure 5.1: Average Coefficients for Hjorth model
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Figure 5.2: Average Coefficients for Lai, Xie and Murthy model
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Figure 5.3: Average Coefficients for Schabe model
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Figure 5.4: Average Coefficients for Slymen model
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Figure 5.5: Average Coefficients for Xie and Lai model
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Figure 5.6: Parameter values for Hjorth model by month and type
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Figure 5.7: Parameter values for Lai, Xie and Murthy’s model by month and type
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Figure 5.8: Parameter values for Schabe’s model by month and type
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Figure 5.9: Parameter values for Slymen and Lachenbruch’s model by month and type
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Figure 5.10: Parameter values for Xie and Lai’s model by month and type
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Table 5.61: Model fits using 10 mph threshold: high-energy gap times Feb 2009.
Parameters
Model Site a b c d R-squared
Hjorth BLRK 0.00003951 0.21531260 0.46918790 . 0.9949
CMBA 0.00000000 0.09017560 0.28418000 . 0.9840
ERLN 0.00000818 0.13862500 0.35890150 . 0.9745
FARM 0.00000767 0.19490000 0.35721600 . 0.9793
HTFD 0.00001814 0.14312000 0.38085000 . 0.9950
LGNT 0.00000000 0.10597000 0.32291000 . 0.9769
LSML 0.00004201 0.11897100 0.32017480 . 0.9875
LXGN 0.00000449 0.11339800 0.32641000 . 0.9946
PGHL 0.00000000 0.09305000 0.27753200 . 0.9931
Lai BLRK 0.44901900 0.41493100 0.00034516 . 0.9866
CMBA 0.49156460 0.40400050 0.00000000 . 0.9236
ERLN 0.49161000 0.40402700 0.00000001 . 0.9502
FARM 0.45542200 0.35459660 0.00022500 . 0.9619
HTFD 0.43934500 0.43268300 0.00000040 . 0.9870
LGNT 0.49171550 0.40404500 0.00000000 . 0.9248
LSML 0.30811200 0.50931388 0.00007996 . 0.9846
LXGN 0.49170587 0.40405800 0.00000000 . 0.9728
PGHL 0.49122900 0.40386600 0.00000000 . 0.8683
Schabe BLRK 0.01588000 377.990730 . . 0.9936
CMBA 0.00537100 1059.90750 . . 0.9637
ERLN 0.00918220 640.516100 . . 0.9742
FARM 0.01070200 969.930930 . . 0.9683
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Parameters
Model Site a b c d R-squared
HTFD 0.01243400 437.138230 . . 0.9948
LGNT 0.00472900 1114.07520 . . 0.9583
LSML 0.02218010 300.870410 . . 0.9879
LXGN 0.00819700 679.020190 . . 0.9922
PGHL 0.00367600 1606.95430 . . 0.9817
Slymen BLRK 0.00000080 0.22226670 0.18832700 . 0.9043
CMBA 0.00000092 0.21786000 0.15498900 . 0.8585
ERLN 0.00000113 0.22105000 0.17376000 . 0.9070
FARM 0.00000002 0.21537700 0.14097000 . 0.8038
HTFD 0.00000004 0.22285600 0.19604900 . 0.9187
LGNT 0.00000015 0.21890800 0.15915600 . 0.8637
LSML 0.00000165 0.22227900 0.19350400 . 0.8530
LXGN 0.00000044 0.22034000 0.17065600 . 0.9084
PGHL 0.00000017 0.21630700 0.14568000 . 0.8957
Xie BLRK 0.03689700 0.44445500 0.02069100 0.45368000 0.9859
CMBA 0.03676500 0.39397200 0.01877990 0.39393800 0.9479
ERLN 0.03560528 0.40341120 0.02045700 0.39992200 0.9649
FARM 0.02841300 0.39551000 0.00773430 0.39598990 0.9604
HTFD 0.04514100 0.44214500 0.01737900 0.43375900 0.9872
LGNT 0.03734500 0.38330050 0.02200440 0.38326800 0.9405
LSML 0.35845350 0.51560300 0.01699430 0.51965220 0.9846
LXGN 0.03689002 0.40148010 0.02123990 0.40269600 0.9799
PGHL 0.03714390 0.36368800 0.01788090 0.36390550 0.9640
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Figure 5.11: Parameter values for Hjorth’s model across sites: Feb 2009 data
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Figure 5.12: Parameter values for Lai, Xie and Murthy’s model across sites: Feb 2009 data
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Figure 5.13: Parameter values for Schabe’s model across sites: Feb 2009 data
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Figure 5.14: Parameter values for Slymen’s model across sites: Feb 2009 data
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Figure 5.15: Parameter values for Xie and Lai’s model across sites: Feb 2009 data
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